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THE ENGINEERING EXTENSION SERVICE 

OF 
PURDUE UNIVERSITY 



Purdue University recognizes its opportunity for public 
service by carrying the benefits of its teaching and research 
activities to those in the State who are interested in engineering 
problems, but who are unable to be benefited by the regular 
courses of resident instruction which are offered at the Uni- 
versity. 

The Engineering Extension Service of Purdue University is 
carried on in the following ways : 

1. Conferences are held at Purdue University atjd at other 
places in Indiana for the benefit of road builuers, canucrs, eitc- 
trical workers, power plant men, foundry nen an^f for others 
engaged in manufacturing and in public utility ina i-tries. 

2. Groups of lectures are delivered by engineering experts 
of Purdue University for the benefit of industrial workers and 
executives. Talks are also given on subjects related to engineer- 
ing before civic, commercial and manufacturing organizations. 

3. Publications in the form of bulletins and circulars are 
issued containing up-to-date information on engineering subjects. 

Address communications concerning Engineering Extension 
Service to 

DIRECTOR OF ENGINEERING EXTENSION SERVICE, 
Purdue University, Lafayette, Indiana. 
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HOUSE CONSTRUCTION THAT REDUCES 
HEATING COSTS 

BuOdings of the larger type, especially those relating to 
community needs, have been carefully studied by the architect 
and the engineer and excellent standards of construction have 
been developed. The office building, the school, the auditorium, 
the factory and the apartment building, in their individual fields 
and according to their respective needs have all commanded the 
best in science and skill which the country affords, with the 
result that they have become models of convenience and economy. 
Residence buildings, on the other hand, especially those costing 
under seven or eight thousand dollars, principally because of 
the snmller investment but partly because of the urgency of the 
call elsewhere, have had less attention and so, in a sense, have 
been neglected by the engineer and the architect and turned over 
to the best judgment of the owner and the builder. As a result, 
the houses we live in need our serious consideration. 

The residence problem throughout the country has become 
acute and there must be, in the near future, a strong revival of 
small building projects to satisfy the unprecedented demand now 
existing for new houses. With this prospect in view it is fitting 
to discuss the most outstanding imperfections in our present 
practice and suggest some changes for the better. This is a 
large field to enter and no attempt will be made to cover it. Only 
one type of construction will be considered, the framed-wall type 
sometimes called the balloon-frame construction. This type of 
construction has many possibilities for good or ill, since it may 
be either the best or the worst for the comfort of the occupants, 
according to the care with which it is planned and constructed. 

A survey of the residence situation in any i)art of the coun- 
try will show a large preponderance of this framed-wall type of 
housing, in fact, most American residences are so constructed. 
Because of the predominance of this type of house in the economy 
of the home life of the country we should pay particular attention 
to its development along right lines. This pamphlet, therefore, 
is intended to set forth some of the present weaknesses in the 
framed-wall type of construction and to suggest reasonable modi- 
fications which may be recommended as substitutes for present 
building practice. It is the hope of the author that all persons 
who contemplate building may read these suggestions and be 
benefited by them. 

Points to Be Considered in Residence Building 

In building residences four things should be kept in mind — 
the convenience of the occupants, the efficiency of the building, 
considering it as a physical plant, the artistic effect of the fin- 
ished structure and the first cost. Of these, the average builder 
takes account of the convenience, the artistic effect and the first 
cost, but seldom considers efficiencies. 
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structures, even as machines, have efficiencies. These relate 
to certain physical values, such as the durability of the mate- 
rials, the quality of the workmanship, the annual expenditures 
for upkeep and the annual expenditure for heating, all of which 
are factors in the formula for efficiency. Of all these factors, the 
annual expenditure for heating is the one most frequently over- 
looked in connection with the character of the building itself. In 
new building projects, of course, heating systems are carefully 
considered, but always as one system compares with another sys- 
tem and not from the standpoint of how the (any) system of 
heating may be influenced by the type of building which sur- 
rounds it. 

Heating systems vary in efficiencies, that is to say, one heat- 
ing system may, under like conditions of service, heat a house 
throughout the heating season with a less expenditure for fuel, 
than would be possible with another system, but, vary as these 
efficiencies may, the gain or loss is but a small amount when 
compared with that gained or lost from good or bad house con- 
struction. There is no desire in this discussion to under-empha- 
size the care necessary in the selection of the type of heating 
system to be installed, but rather to put greater emphasis than 
ever before upon the house which surrounds it. 

Improvements Would Save Fuel Bills 

Annual fuel bills should be seriously investigated. In the 
year 1920, according to the Indiana Public Service Commission, 
approximately $54,000,000 were spent by the people of the State 
of Indiana for domestic fuel. At a very modest figure 10% of 
this could have been saved if the people of the state had been 
more careful in the operation of their residence heating appa- 
ratus. This saving, ^5,400,000 is no mean sum and is within the 
reach of tlie peoi>le of the state if they will only become thor- 
oughly familiar with their heating systems and acquire the art 
of firing. That one may grasp the full significance of what this 
amount of money saved would mean to the state of Indiana, an 
investigation was made of the costs involved in operating the 
twelve or thirteen institutions of higher education within the 
state, for the year mentioned, and the S;5,400,000 more than 
equaled the entire expenditure of all these institutions. 

The preceding paragraph refers only to the operation of the 
present heating plants as they now stand in the residences of the 
state. Now what would happen if the houses themselves were 
improved? It is only too evident to those who have made a 
study of the present practice of house building that the present 
construction is vei^y bad. No matter whether this is due to igno- 
rance, indifference or to willful evasion, the average house is 
bristling with hidden defects which, if attended to at the proper 
time, could be eliminated with small additional expense. Having 
in mind only those reasonable improvements which should be 
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made in every case, the yearly fuel bills in the average house 
might be reduced, because of house construction alone, fully 25%. 
That is to say, that whereas the annual soft coal fuel consump- 
tion in heating the average residence is now understood to be 
about one ton more than the total number of rooms and princi- 
pal halls in the house, with a type of construction that is not 
only possible, but which should be expected in every case, this 
amount of fuel should be reduced to, at most, three-quarters of 
a ton for each room and principal hall in the house. As an il- 
lustration — if the average fuel consumption for heating a cottage 
of six rooms, bath and hall, is now about nine tons of good soft 
coal for the heating year, with improved construction this should 
be about six tons. With coal at I^IO.OO per ton and interest at 
6%, this saving of $30.00, in one year, would cover a possible in- 
creased expenditure of $500.00 on the house. If we could 
change our building construction that the savings mentioned 
would be possible, the state of Indiana, alone, would profit an- 
nually by about $13,500,000. This is very nearly the full amount 
asked of the state legislature this year for the entire state budget 
for the bi-ennium. Of course, no sudden change can be expected 
in this regard. Present buildings can be but little improved, but 
it is hoped that for all new buildings suggestions for better con- 
struction will be seriously considered. 



How Much of the Heat of the Fuel Is Saved? 

In these times of high prices and of fuel conservation it 
is only natural that the householder should be inquisitive as to 
what percentage of his invested fuel bill really goes to the pur- 
pose for which it was intended. A pound of soft coal (most resi- 
dence fuel in this part of the country is soft coal), selected from 
various mines in the country, may contain anywhere from 10,00D 
to 14,500 heat units. Of this amount, when the coal is burned in 
the average heating system, at least 40% is lost through imper- 
fect combustion, by radiation and by convection up the chim- 
ney. Much of this 409^ loss cannot be avoided. The rest, say 
60% , finds its way into the living interiors of the building. It is 
this 60% we are now especially concerned with. 

If our houses were built with insulated sides like fireless 
cookers, we could make them comfortable throughout the aver- 
age winter with the use of but a small amount of fuel. This 
construction would not be desirable from the standpoint of health 
because we need fresh air, but our present practice is quite the 
opposite. Because of imperfect construction we are not able to 
close up the average house on a winter's day tightly enough so 
that it can be made comfortable at all. This is especially true 
when there is a high wind. As a consequence, most of the 60% 
immediately goes through the walls, ceilings and floors to the 
outside air and is of little usefulness in maintaining warm room 
interiors. 
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The Framed Wall 

As previously stated, this may be the best type of insu- 
lated wall or the worst, dejiending upon the design and the 
care with which it is constructed. Fig. 1 shows a horizontal sec- 
tion of such a wall as it is usually laid out. It will be noticed 
that the studs are set 1(> inches on centers with the outside and 
inside finish nailed directly upon them, leaving an inclosed air 
space, approximately »^'f4xl4l4 inches. It is this air space which 
may be a friend or any enemy, as we Choose. The temper- 
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ature of the room air is supposed to be maintained at 70^ and 
the temperature of the air space is somewhere between this and 
that of the outside air. If the outside finish is tight the space 
temperature is maintained more nearly to that of the inside air, 
on the contrary if the outside (iuish is loose and open, the space 
temperature is low and there is more heat lost through the in- 
ner lath and plaster finish to this space. 

The one-half inch of lath and i)laster finish next the room is 
one of the sericms weak points in this type of wall, as heat and 
air easily pass through it. As a convincing illustration that plas- 
ter is a very poor insulator, one has but to glance at almost any 
second-floor plaster ceiling where the upper side of the joists are 
not covered by a tight floor. Such' ceilings show^ parallel dark 
and light lines alternating with each other. The dark lines are 
the spaces between the laths that have bcH-ome filled with the dust 
particles separated from the air in its passage through to the at- 
tic space. That part filled by the laths offers more restriction to 
air j)assage and shows lighter in color. Our present practice 
on interior wall finish leaves much room for improvement. 

Some progress has been made in the development of a com- 
position wall finish. One form has a paper base and a plaster 
face, the plaster being held to the paper by woven wire or other 
form of binder. Another form has a plaster center reenforced 
with wood fibre and both surfaces covered with heavy paper. 
Paper is a good insulator and is very effective in cutting off air 
transmission. It would seem, therefore, that some such solution 
may eventuallv be worked out and that an effective interior wall 
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surfacing, at a price approximating that of the present type of 
construction, may become generally used. 

A modification of the present interior lath and plaster con- 
struction, that can be highly recommended, is shown in Fig. 
2 (a) and (5). The first shows building paper nailed to the in- 
ner face of the studs, with enough slack between the studs to 
permit the plaster to clinch on the inside of the laths without 
tearing the paper. The laths are then put on in the usual way 
and the surface plastered. Oare should be exercised in so running 
the paper that it is satisfactorily lapped and that the slack is 
uniform on all overlapping edges. When laying the paper, the 
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Fig. 2 

upper sheets should be put on first so as to permit the successive 
lower layers to overlap tlie ones above. This will retard the pass- 
age of air through the joints frcun the room to the stiul space. 
Paper init on in this way will liave a tendency to cut off air cir- 
culation and produce a dead air space between the paper and the 
plaster. A more satisfactory way of laying the paper is to stretch 
it tightly over the stiuls and strip the inner face of the studs with 
laths. The laths for the plaster wall are then nailed to these 
stripping laths, as shown in (?>) of the same figure. If this 
method is used, it will probably be necessary to build up the thick- 
ness of the window and door casings by the thickness of the strip- 
ping laths, on account of the increased thickness of the wall. 
When applied to a ceiling this objection does not hold. Either 
of these two schemes, if properly applied, will cause a marked 
saving in fuel. 
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As there is a considerable loss of heat from the room to the 
stud spaces, it becomes important to make these spaces as tight 
as possible to avoid the escape of heat to the outer air. Many 

buildings are constructed with the 
stud spaces opening up directly into 
either the basement or the attic 
spaces, or into both as shown by 
Fig. 3. Such construction is bad in 
the extreme. All stud spaces should 
be tightly closed at both basement 
and attic floor lines, otherwise these 
become circulating air spaces and 
act as chimneys to carry the heat to 
the attic. Any good method of 
blocking off at these points may be 
recommended. In old buildings 
where the studs extend to the plate. 
Fig. 3, at X and the floor meets the 
inside edge of the studs, this space 
is probably open. The only way to 
correct this is to insert filler-blocks 
between the studs on a plane with 
the floor, as shown in Fig. 4. Where 
the house is new construction, a 
number of methods may be resorted 
to, the most satisfactory of which is 
to floor over the entire first floor 
area as far as the sheathing on all 
sides, Fig. 5, and set the studs upon 
plates laid broadside upon the top of this floor. This arrange- 
ment will effectually cut off aU air communication between the 
basement and the stud spaces. 



Fig. 3 
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At the attic floor line, where the joists are laid upon the 
rafter plates, there is no difficulty because the inside finish of 
the upper rooms extends up to and includes the plates, Fig. 6, 
at A. On the other hand, in attics where head-room is at a pre- 
mium, for storage purposes, the roof line is usually raised some 
distance above the floor line and the floor joists are supported 
upon ribbon boards let into the studs. In such cases the stud 
spaces are usually wide open to the attic, as shown in Fig. 3. 



? 



Ra 



Fig. 6 Fig. 7 

These may be closed us shown in Fig. 7. As far as the spaces 
are concerned, these can be efl'ectually closed by stripping the un- 
der side of the joists behind the ribbon board, as at B, but a 
better way is to floor the attic tightly and fill in between the 
studs or sheatlie the studs up to the plates, as at C. This cuts oflP 
not only the stud spaces but it reduces the heat h>sses through 
the ui)per ceilings to a minimum, as stated later in this discus- 
sion. If this sheatliing is continued far enough to fill in between 
the rafters, it will keep out the dust and soot particles which 
otherwise enter at the eaves. 

In addition to what has been said about closing the extreme 
ends of the stud spaces, it is highly desirable to break these 
up into smaller spaces by nailing-in stud-ends sawed to fit be- 
tween the studs, as shown dotted in Fig. 3, at Y. Such blocks are 
called firchlocks and not only improve the insulating qualities 
of the wall but they reduce the fire hazard and are recommended 
by fire insurance companies. Fire from the basement frequently 
breaks through the first floor and passes up between the first 
floor studs of an interior wall, then between the second floor 
joists to the outside wall. In such cases fire-blocks immediately 
above the level of the second floor are very effective in check- 
ing the fire. 

With the stud spaces effectually closed and sealed, next in- 
vestigate the outside finish. The usual construction here is, one 
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layer of yg-inch sheiithing boards on the studs, one layer of build- 
ing paper on the sheathing and lap-siding on the paper. This is 
a good arrangement providing good materials are used and care 
is exercised in its construction. This finish should be not only 
a good heat insulator but it should be tight against air leakage. 
Several critical points in this construction should be mentioned. 
Lap-siding, so generally use<l in this tyi»e of construction, is sel- 
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dom tight. It therefore rests with the building paper and the 
sheathing to be the protecting elenuMits. Fig. 8 is a type of con- 
struction that is very bad. The buibling paper here is omitted 
and the sheathing lM)ards are butted on the edges. In this case 
the rooms on the windward side of the house could scarcely be 
comfortable no matter what heating system wen* [)Ut in, because 
of the effect of the wind leaking into the stud spaces. Build in ff 
paper or equivalent should always he put on over the sheathing. 

Sheathing boards shouhl be straight and should be frt»e from 
loose knots, and the edges of these boards should have either 
artongue-and-groove or a lialf-lap joint. With such tnlging, shrink- 
age may take place without opening tlie joint for air passage. A 
butt joint may l)e comparatively tight when first put in, but 
will not remain so. After the boards have been naiknl to place, 
shrinkage cracks of considerable size o|)en up. A good layer of 
building pa|K»r may cover such cracks and cut off a large 
amount of air leakage, but theiv will still be a large heat loss 
because of the openings through the sheathing. Figs. 9 and 10 
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show the two joints recoiuiueiuled. From a practical standpoint 
one is about as good as the other. The ship-lap. Fig. 10, is some- 
what cheaper in first cost and is easier to lay, consequently 
it is the most frequently used but the style of tlie joint permits 
more freedom for warpage. 

No less important factor in the construction of a well insu- 
lated wall is the workmanship. Having supplied first-class ma- 
terials for tlie job the owner has a right to expect first-class 
workmanship, but unfortunately this is not always the case. A 
careless workman will probably build a substantially strong wall, 
but the tightness of the wall and the elimination of cracks give 
him little concern. Many houses are erected on rush contracts 
for immediate sale, or by owners w^ho are not informed as to what 
is good or bad practice and in such cases defective work is quite 
common in concealed places. These defects cause unnecessary heat 
losses which in extreme cases nuiy become as great as three times 
the loss expected from a well constructed wall. Heat loss calcu- 
lations, for estimating the size of the heating system, always con- 
tain three terms, exi)osed wall surface in square feet, exposed 
glass surface in scpiare feet and room volume in cubic fc*et. In 
rooms having large exterior wall surface, such as corner rooms, 
the heat loss from the walls becomes one of the principal factors 
to be considered. 

Windows 

The window problem in the nuxlern resi<lence is an impor- 
tant one. The value of light room interiors is being increasingly 
recognized and more windows in outside walls are demanded. 
Since the heat lost through one square foot of glass window is 
about four times that through a scpiare foot of the average framed 
wall, the heat loss due to conductivity is something to be 
considered even though no mention is made of the tightness of 
the fit in the casement. Add to this loss the heat loss due 
to air leakage and the j)roblem becomes increasingly important. 

Buildings are subjected to air inleakage through the walls, 
floors and ceilings, and around the windows and doors. Of 
these, that through the openings around the windows and doors 
is probably the least considered. Because of the large number 
of windows in the modern residence, those fitted loosely in the 
casings (this includes a large nmjority) become a veiT impor- 
tant factor in the heating economy of the building. Considerable 
experimentation has been carried on to determine just how 
much the heating of the building is affected by hmse windows, but 
as yet the results obtained are open to so much guess work that 
it is not safe to give anything but the most approximate esti- 
mates. The following conclusions have been arrived at by Mr. 
H. G. Whitten after a long series of experinuMits, and these may 
be taken as a fair statement of the case: 
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1. "Average wind velocity in localities where 

heating is important, miles per hour, 13. 

2. "Average sash clearance, inches, 1/16. 

3. "Air pressure equal to a 15-mile wind, 

against a window having a 1/16-inch clear- 
ance, wiU force 146 to 185 cubic feet of air 
through each lineal foot of window clear- 
ance per hour. 

4. "Insulated windows, metal weather strips, 

etc., reduce the leakage as low as 1/5 to 
1/9 of that found in the average window." 

When it is realized that many windows have larger clear- 
ances than 1/16-inch, and that it takes much good heat from the 
coal to raise the temperature of this inleakage from zero outside 
to 70° inside, the importance of the loose window problem will 
be better appreciated. 

In the northern parts of the country, where people expect to 
build to resist the cold winters, the problem is met by putting 
in double windows (two-glass in the same sash with a thin air 
space between), by insulating the ordinary window sash with 
metal weather strips or other equivalents, or by putting on tem- 
porary storm windows. As a result, it is reported upon good au- 
thority that it takes less fuel per year for the same room space 
for houses in the northern part of the United States and in Can- 
ada than it does for houses in the southern part of the United 
States (specifically mentioned, Texas). This seems to bear 
out the belief common among heating engineers, that the wind 
effects upon heating efficiencies are more serious than extreme 
still cold. 

As an illustration of what is happening in very many homes 
of the country on any zero day, assume the following: A living 
room 13x15x10 feet, with a total window perimeter of 50 feet, a 
crack of 1/16-inch around each window and a 15-mile wind strik- 
ing the windows. Using the lower value previously quoted, 146, 
there will be 7,300 cubic feet of outside air entering the room per 
hour around the windows. That is to say, 3.75 room volumes of 
air must be heated from zero to 70° every hour at an expendi- 
ture of 9,290 BTU. With soft coal at $10.00 per ton and 12,000 
BTU. per pound, and with 60'/v of this credited to the house, 
there will be an expenditure of 15.5 cents per zero day of 24 hours 
solely for heating the window inleakage in this one room. Some 
of tliis expenditure should not be charged up as loss, bei'ause no 
matter how hard constructors exert themselves to make a well 



Digitized by VjOOQIC 



13 

insulated job, there will still be some inleakage. It is also desir- 
able that a certain amount of outside air enter the houses to 
insure healthful room conditions. Ventilation, however, may be 
accomplished in a better way by the opening of windows or 
through specially prepared ventilating ducts. 

To prove the effectiveness of any heating system, it should be 
tested on a windy day. High winds prove a serious handicap to 
satisfactory heating. This is especially true when furnace sys- 
tems are employed to do the heating. With a heavy inleakage, the 
air pressure within the rooms on the windward side is sufficiently 
great to overbalance the upward impulse of the warm air from 
the furnace to the rooms and there is a reduction (at times a 
complete reversal) of the warm air current, resulting in a low- 
ering of the temperature of the room air. Since most of the 
framed residences are heated by furnace heating systems, the 
factor of inleakage is a very important item. Window insulation 
is now frequently used and will continue so increasingly. 

Storm windows have just been mentioned as one means of 
reducing excessive inleakage. These can be especially recom- 
mended for windows on the sides of the house which get the 
heavy winds, usually the west and north for this locality. Storm 
windows usually have a frame thickness of 1-inch to 1 1/8-inch 
to fit within the outer recess of the window casements. The frames 
may be fixed or swinging. Windows not to be used for ventilat- 
ing purposes would be fixed, since this is the simplest method, 
others may swing, preferably from top fastenings, because this 
perip^ts free circulation of air without opening for rain or snow. 
Ordinary sized windows may conform to the glass divisions of 
the under window but large windows, especially those that swing, 
should have sufficient partitions to give them rigidity. Single 
strength glass is usually used to give lightness. It is the author's 
opinion, from personal experience, that storm windows should 
pay for themselves, in coal saved, in two to three years' service. 

The Attic Floor 
Most of the attics in residences are not liooj-ed. This is a 
serious mistake even though the attic is not to be used for liv- 
ing or storage purposes. Ileat losses are continuous throughout 
the heating season of eight months and at no place within the 
house is this loss more noticeable than through the upper ceiling. 
For the purpose of illustration, suppose the average house has an 
attic floor area, exclusive of that covering closets, of GOO square 
feet. Will it be an economy to floor this attic? 
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Cost of flooring attic: Allowing 75 square feet of floor sur- 
face for closets, 075 scjuare feet of floor area may be covered 
tightly with G-inch No. 2 flooring at the present price of lumber, 
for ?48.45 (f 36.45 lumber, $12.00 laying). This is a first cost 
expense and will not be duplicated. There is, however, a loss of 
interest to the owner on that amount of money at 0%, amounting 
to $2.90 per year. 

Attic Not Floored : In the average framed house, when the 
outside temperature is zero, the temperature within the attic may 
be expected to be 25° to 30° above zero. With the normal room 
temperature 70°, the heat loss througli one square foot of plaster 
ceiling under such conditions will probably approximate 40 heat 
units (BTU.) per hour. For GOO scpiare feet this will be 40x24x 
GOO equals 570,000 BTF. per day. The average heating day in 
this locality for the heating season is about 44% as severe as 
a zero day, hence for an average day the heat loss to the attic 
from these second floor rooms will be about 253,440 BTU., and 
for the average heating year of 240 days the loss will be 00,825,000 
BTU. 

Attic Floored: If this same house were floored, as stated 
above, the heat loss through the ceiling and floor would be about 
40% of that just figured for the ceiling alone, consequently, 
the heat saved in one year by flooring the attic is .00x00,825,000 
equals 30,405,300 BTU. With a grade of soft coal averaging 
12,000 BTU. per pound and m';i of this credited to the house, 
this would amount to 2.53 tons of coal in the bin, and with this 
coal selling at $10.00 i)er ton, would mean a financial outlay per 
year of $25.30. At this rate the coal saving would pay for the 
floor and the interest on the money invested in the floor, in ap- 
proximately two years. 

Fuel saving, as mentioned above, however, is not all there 
is to the problem. The extra heat lost from the rooms through 
the ceiling would necessitate the installation of 000x40x.(U)-^ 
250 equals 58 square feet of steam radiation. This, with its pro- 
portional share of pii)es and fittings, would cost at least .^43.00, 
which in itself almost pays for the floor. If a hot water system 
is ijistalled the extra cost will be about $(m.OO. If a furnace sys- 
tem of heating is used, the amount of additional cost would not 
be so striking, but it is safe to say that it would be worth con- 
sidering. 
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The Bungalow Tjrpe 

We have so far been talking of general points that affect all 
honses having framed walls. Now let us look at a more specific 
case, the Bungalow. Whatever has been said in the above may 
appl}' with equal force to all houses having framed walls, either 
wholly or in part, including the stucco or brick veneer, but one 
point should be strongly emphasized in. connection with the bun- 
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galow, and that is the tremendous heat losses so often permitted 
to go to the attic spaces. These houses are too frequently hard 
to heat and an analysis of the causes almost universally shows the 
attic spaces having little or no insulation on the attic side. See 
Fig. 11, A, B and C. 

It is a very common practice, when planning bungalow 
houses, to have one or more rooms on the second floor. These 
rooms may or may not be in immediate use and may not be 
furnished, but this fact does not remove the trouble because 
heat losses continue. Not only are the floors omitted from the 
attic spaces but the side walls of the second floor rooms, exposed 
to the attic, are seldom sheathed. This makes a condition more 
exaggerated still than the attic floor problem previously illus- 
trated. One case like this, a little more striking than usual but 
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illustrating the point, was of a bungalow having better than aver- 
age material and workmanship and having a furnace heating sys- 
tem that, according to the most careful calculations, had excess 
capacity but which failed to hold the room temperatures on a 
zero day to within 20° of the guarantee. The house in this case 
had a heavy 18-inch stone wall to the eaves of the roof, con- 
sequently the trouble was above this horizontal plane. The house 
was of massive construction and no weakness was visible to 
the casual observer. There seemed to be no reason why such 
a heating system in such a house should not give satisfaction, un- 
til an examination of the attic revealed the fact that there was 
only one 8-inch board (footboard) over the joists in each space, 
A and C, no flooring in B and no sheathing of any kind on the 
room studs next these spaces. Above some of the first floor 
rooms, therefore, there was only the customary ceiling of i/^-inch 
lath and plaster and these rooms were depleted of their heat 
through the ceilings. The second floor rooms were giving up 
heat through both the side walls and the ceilings. Standing at 
the foot of the ornamental stairway, one could feel a cold draft 
of air coming down from the second floor rooms although these 
rooms were supposed to be amply supplied with heat. The heat- 
ing system was supposed to be faulty and had been frequently 
examined to determine the cause of the trouble. No one sus- 
pected that the house itself was the offender. 

In the case in question, the reason for the omission of this 
small amount of flooring and sheathing was not because of the 
first cost, but it was because of the lack of information concern- 
ing the subject on the part of both the owner and the builder. 
An expenditure of |30.00 in Xo. 2 flooring and Beaver Board or 
plaster board, for the floors and the walls respectively, would 
have solved the discomforts of two years and saved many dol- 
lars in fuel bills. 

As a corollary to the heat loss proposition, any construction 
that keeps the heat in on a winter's day will also keep the heat 
out on a summer's day. This is not exactly along the line of 
fuel saving, but as an additional argument favoring tight house 
construction, it may be said that the peace of mind of the occu- 
pants in the summer time will in most cases be enhanced by 
such construction. A striking case illustrating this was in a 
two-story frame house, having a third story attic room, as shown 
by Fig. 11. This room had a warm air heat supply entering 
through a floor register located in the middle of the room, which 
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should have supplied the room with ample heat for any winter 
weather, and it had a ventilating stack from the ceiling of the 
room through the roof with regulating damper. This room, how- 
ever, was uninhabitable in the winter because it was too cold 
and likewise in the summer because it was too hot. Upon rec- 
ommendation, the room studs on the attic side were sheathed 
and the space B was floored, at an expense of f 50.00, and not only 
were the winter troubles entirely overcome but the room proved 
to be quite satisfactory in the summer time. 

Chimneys 

Another source of annoyance and waste in the operation of 
small residence plants is the unsatisfactory operation of the 
heating plants, due to unsuitable chimneys. In chimney oper- 
ation, height produces draft and net cross-sectional area gives ca- 
pacity. That is to say, the higher the chimney the greater 
the "pull" on the chimney gases and the less the danger of smok- 
ing at the furnace. Also, the larger the net area of the chimney 
the more coal may be burned in a given time without choking the 
chimney enough to kill the draft. These two factors, height and 
area, are inter-dependent and each should be considered with 
the other. In this connection some general facts should be ob- 
served. 

Chimney Height: The least height of a chimney for resi- 
dences is variously stated from 30 to 35 feet. Chimneys less than 
30 feet are likely to be erratic in their action. One would not 
be safe in saying that no chimnoy less than 30 feet should be 
built, because many bungalow type houses and other one- to 
one-and-one-half -story houses have chimneys less than this 
amount. It is correct, however, to say that if the owner wishes at 
all times to have a good draft during any weather conditions 
that may prevail, a chimney less than 30 feet in height should 
not be put in. The furnace codes approved by the various engi- 
neering societies interested in furnace heating, give as a least 
value, 26 feet above the furnace grate, which, to say the least, 
should be considered a minimum in all cases. 

Cross-Sectional Area : In the average residence the cross 
sectional area more frequently causes trouble than the height. 
The ideal section for any air duct is a round one. This does not 
work in very well with the brickwork, however, and a square 
section should be approached as nearly as possible, keeping in 
mind that whatever shape is adopted it must fit the usual sizes of 
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bricks. In many chimneys already built the section is a long, 
narrow one, the least dimension being the width of one brick 
(4% inches). This is entirely too small to give good service. 
Because of the mortar burr projecting from the joints between 
the bricks, this dimension is frequently as snuill as 4 inches. 
There is a dead zone next to every frictional surface (that next 
to an ordinary brick wall is extravagantly large) wliich is in- 
effective as free area. The gases moving along such a surface do 
not slide but roll and tumble, thus farther restricting the free 
passage up the chimney. In a chimney as stated, having a 
thin rough flue, this neutral zone may be sufficient to practically 
nullify the entire draft area. One prominent authority states 
that this zone extends a distance of two inches or more from 
each brick surface toward the centre of the chimney. From a 
practical standpoint, therefore, a nominal 4-inch by 12-inch 
standard chimney flue is very much less effective than an 8-inch 
by 6-inch flue, if such could be constructed. In practice, no 
chimney flue should be made of less internal area than an 8-inch 
round or an 8-inch by 8-inch, and in moderate sized houses the 
working conditions of the chimney are improved if this is en- 
larged to an 8-inch by 12-inch. 

Chimney Lining: All chimneys should be lined with the best 
hard burned flue tile lining throughout the entire length of the 
chimney, the tile to be not less than %-inch thickness. This is 
especially necessary if the chimney is built of a single thickness of 
brickwork or of a cement block construction. There are two rea- 
sons for this. The smooth interior of the tiles eliminates a large 
amount of the friction usually found between the moving col- 
umn of gases and the inner surface of the brickwork, and in ad- 
dition, tiles are a safeguard against fire, since they cover up 
any open joints or cracks often occurring in the average mor- 
tar joint in one-brick walls. An examination of many attic chim- 
neys will reveal such cracks. They are easily distinguished by 
a feather of black soot and dust around the opening. In normal 
operation, the draft within the chimney is sufficient to cause the 
surrounding air (say attic air, because most of the roof fires be- 
gin in the attic), to pull inward toward the chimney. When 
a heavy deposit of soot collects upon the inner surface of the 
chimney and this is fired by an extra hot fire in the furnace, the 
gases trying to escape from the top of the chimney are so great 
that the "pull" of the chinuiey is overcome and a reverse condi- 
tion takes place. The pressure within the chimney now is greater 
than that of the air without and the hot gases are forced out 
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through the cracks to the attic, igniting any combustible mate- 
rial in their path. Many of our mysterious roof blazes could 
probably be traced to this one defect in chimney construction. 
Tile linings effectually cut off gas leakages to the house, but 
emphasis should be laid upon the fact that the lining should be 
of the best and strongest quality, each section end should be 
well bedded in a good mortar joint and the entire lining should 
be laid against the brickwork but should not be slushed-in. This 
will permit the lining to expand and contract free from the chim- 
ney proper, thus avoiding the cracking and crumbling of the 
lining. 

Interior vs. Exterior Chimneys: Convection of air or gases 
(their tendency to rise and mix) is due primarily to heat. Any 
body of gas upon being heated expands and becomes lighter. Since 
all gases are, comparatively speaking, perfectly fluid, the lighter 
(warmer) volumes rise and the cooler and heavier volumes fall, 
an interchange due to gravity. It can easily be seen, there- 
fore, that a protected chimney that keeps the gases from losing 
their heat as they pass up the chimney will produce a better draft 
than one which is not well protected and permits the gases to 
lose their heat. That is to say, an interior chimney (one run- 
ning up through the house, inside the outside walls) will give 
more uniform draft than one built up as a part of the outside 
wall. The effect of the cold winds upon an exposed chimney is 
to make an erratic draft. When a fire is started the column of 
cold air within the chimney must be forced out before the 
warmer and lighter gases can circulate. Occasionally this causes 
a smoking furnace or fire-place until the chimney becomes heated, 
and even then, the draft may continue to be sluggish as long as 
the cold wind strikes directly against the chimney wall. When 
the cold wind is not directly against this side of the house the 
conditions would not be noticeably bad. Inside chimneys are 
not subjected to such erratic conditions and are to be recom- 
mended for best furnace service. In making this recommenda- 
tion the writer is not unmindful of the fact that the outside 
chimney has become very firmly established as an architectural 
feature in the home. There is no desire to change this attitude. 
The outside chimney lends itself not only to outside but to in- 
side decorative effect and may be used whenever desired, with 
proper restrictions. First, if a consistent draft is demanded for 
all weather conditions, the chimney should be double walled on 
the outside at least as far up as the eaves; second, if the heat- 
ing furnace is to be attached to this chimney flue, it should 
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be done with a full knowledge that the draft may be bad just 
on those days when the best draft is desired. It should also bo 
remembered that heat radiated by an inside chimney goes to heat 
the house but that from an outside chimney is a total loss. 

Other points to be considered in chimney construction may 
be stated very briefly. 

All chimneys should extend to the basement floor and should 
rest upon suitable foundations to prevent settling and cracking. 

All furnace chimney flues should begin near the basement 
floor and should have convenient clean-outs at the lowest point. 

No smoke connection should enter the chimney flue other 
than the furnace pipe. 

All chimneys should extend two to three feet above the high- 
est point of the roof. Those that are overshadowed by a nearby 
building may require a "cowl" to avoid downdraft when the wind 
blows over that building. 

No woodwork of the building should be rigidly fixed to the 
chimney. This is frequently done and is the source of much an- 
noyance in the raising and lowering of floors, doors, etc., as the 
expansion and contraction of the chimney takes place. In the 
winter when the house is at its least size, the chimney has ex- 
panded to its greatest length, and in summer the reverse condi- 
tions prevail. This requires the frequent trimming at top and 
bottom of all partition doors near the chimney to avoid binding, 
a condition which would not exist if the chimney were at lib- 
erty to expand and contract free from any house restrictions. 

Summary: Residences throughout the country embody 
many structural imperfections that should and could be elimi- 
nated. The one type of residence which houses the vast major- 
ity of the people is the framed-wall type. This type is open to 
the greatest variety of interpretations as to what is good or 
what is bad construction. In an endeavor to create improved 
standards of construction and thus protect the average house- 
holder from unnecessary expenditures, as well as to assist in 
the conservation of a considerable portion of that $54,000,000 coal 
pile consumed annually in the state of Indiana as domestic fuel, 
all residents of the state should interest themselves in a move- 
ment toward the betterment of these conditions. Attention 
should be especially directed toward an improvement in the 
insulating qualities of the outer walls on all framed houses, to- 
ward the better protection of the windows against excessive in- 
leakage, toward the flooring of all attic spaces, toward the 
sheathing of all studded walls located between any room and 
attic spaces, and toward the proper location and construction 
of the chimney flues. 
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ELECTRIC HOUSE PUMPING SYSTEMS 

I. Introduction 

The importance of an abundant and convenient supply of 
pure water in every household cannot well be overestimated, for 
on this depends to a great extent the health and happiness of 
every member of the family. Good water supplies have long 
been available to the city dweller but until recently the inhabitants 
of outlying and rural districts obtained the water needed for 
domestic purposes only at the expense of considerable time and 
labor. 

With the coming into general use of electricity on the farm 
the advantages of electrically operated pumping system^ are 
being recognized and the demand for such systems greatly stimu- 
lated. Electric motor driven pumping outfits are now available 
in all sizes, ranging from those suitable for a small summer cot- 
tage to those necessary on a large country estate. 

Object of Bulletin. In the preparation of this bulletin the 
object has been to present pertinent information concerning the 
various electric motor driven water supply systems now on the 
market in such manner as to permit the intelligent selection and 
application of these systems; and, further, to present such infor- 
mation to the users of these systems as will enable them to secure 
the most satisfactory and efficient service after installation. 

In furtherance of this object manufacturers' literature has 
been carefully studied, present owners of typical systems inter- 
viewed, installations inspected and tests made. 

Acknowledgements. The authors are indebted to numer- 
ous householders who have kindly permitted inspection and test 
of their water supply equipment; to manufacturers who have 
furnished catalogues, operating data and pumps for testing 
purposes; to plumbing firms who have assisted in securing data 
and have given considerable information on practical matters; 
and to a number of seniors in the School of Electrical Engineer- 
ing, Purdue University, who have assisted in making tests. 

II. Water Supply Systems 

Water supply systems which make use of electric motor 
driven pumps may be divided into two groups: 

(1) Direct pressure systems, 

(2) Storage tank systems. 

To the first group belong those systems which either do not 
employ storage or employ such a small tank that its value for 
storage is negSgible, the tank serving only to equalize the pressure. 
Systems belonging to the second group employ a tank of such 
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size that the capacity of the system to meet unusual demands is 
not altogether dependent upon the capacity of the pump. 

The advantage claimed for the direct pressure system is that 
the water always comes direct from the source and has no oppor- 
tunity to grow warm or stale. That this is a distinct advantage 
is evident from the efforts of the manufacturers of storage sys- 
tems to provide special means by which, when desired, water 
may be obtained direct from the well. Several of these systems 
are now provided with means for by-passing the tank when fresh 
water is desired. 

The storage tank system is of particular value from the stand- 
point of fire protection. A system of ample size to meet all 
domestic requirements usually would not have sufficient capacity 
to enable fire fighting to be done effectively if its capacity de- 
pended upon the pump alone. This deficiency can be supplied 
by use of a storage tank of sufficient capacity to provide the 
water needed for such emergencies. 

Displacement Pumps. Pumps which make use of a piston 
working in a cylinder are known as displacement pumps. Such, 
ordinarily, are used with both the direct pressure and the storage 
systems. They are made in two types, the shallow well or cistern 
type and the deep well type. 

Pumps of the first type operate as combined suction and 
force pumps and may be placed in any convenient location with 
respect to the source of supply so long as the practical limit for 
suction lift, 20 feet, is not exceeded. Loss in head due to friction 
in the suction piping should be included where the suction line 
does not run directly from the pump to the water source. 

The deep well type of pump is used where the water level in 
the well is below the practical suction limit. In this type the 
pump cylinder is placed in the well, usually below the water 
level, and the piston connected by a **sucker-rod^* to a **power 
head^' at the top of the well. The power head changes the 
rotary motion of the driving motor into the reciprocating motion 
of the pump piston. 

Either of the above types of pump may be used with an auto- 
matic water supply system, the driving motor being governed 
by a pressure-controlled switch. The amount of water which can 
be drawn before the pump begins to operate depends upon capa- 
city of the tank as well as the adjustment of the automatic switch. 

Pneumatic Pumps. The pneumatic system makes use of 
a tank for storage of compressed air. The pump is located below 
the water level in the well or cistern, and operates only when a 
faucet in the discharge line is open. With this system an electric 
motor is used to drive the air compressor. The action of the 
motor is commonly controlled by a switch actuated either from 
the pressure in the water line or from that in the air line. It is 
not usual with this system to provide for water storage beyond 
that needed for a small pressure chamber which serves to "smooth 
out" the pulsations in the flow of water from the pump. If the 
operation of the compressor is made to depend upon the pressure 
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in the air tank and this tank is of large capacity, then a reserve 
is provided similar to that provided by a large water tank; i. e., 
considerable water may be drawn from the system before the 
output becomes directly dependent upon ability of the com- 
pressor to maintain the air pressure. 

The actual pumping of water is done by an arrangement of 
floats and valves contained in a chamber; located below the water 
line in the well or cistern. When the pressure in the discharge 
line is reduced by the opening of a faucet or valve the compressed 
air automatically forces water from the chamber into the dis- 
charge line. The air in the chamber is then released, the cham- 
ber fills again with water which is immediately discharged through 
renewed pressure from the air line ; the operation continuing until 
the discharge line is closed and the original pressure re-established. 

Advantages claimed for the pneumatic systems are that the 
water always comes fresh from the well and cannot become warm 
or stale, and that a single air compressor and tank may be used 
for both hard and soft water supply by piping the air to inde- 
pendent pumps at the two sources of supply. 

Capacities. The pumps furnished with systems intended 
for supplying the domestic needs of a small family usually have 
capacities of 120 to 150 gallons per hour. For larger families, 
or for supplying water for sprinkling, watering stock, etc., larger 
capacities are recommended. For the general needs of an average 
household, including lawn sprinkling and similar requirements, a 
capacity of 250 to 400 gallons per hour is advisable; while for 
large residences, farms, estates and public institutions capacities 
of 500 to 1000 gallons per hour should be provided. 

At present it is a common practice to use the capacities of 
pumps and tanks indicated in the following table for the several 
services enumerated. 

TABLE 1. 
Pump and Tank Sizes for Different Services 







Plumbing 


Pump Size 
Cfal. 


Tank 


Kind of Water 


Service 


Fixtures 


Capacity 








Per Hr. 


Gallons 


Soft Water 


Residence 


One bath and 










other fixtures. . . 


120 


50 


Hard Water 


Residence 


One bath and 










other fixtures. . . 


150 


220 


Soft Water 


Residence 


Two baths and 










other fixtures. . . 


150 


220 


Hard Water 


General Farm 


One bath and 










other fixtures... 


360 


2*20 


Hard Water 


Large residence. 










estates, etc 




720 


Tank 










dependent 










on 










conditions 



The tank sizes indicated in this table are, in the case of the 
larger systems, too small to secure the best operating conditions 
as they require the pump to operate too frequently. Where 
water is used for drinking purposes, however, the use of larger 
tanks is likely to result in stale or insipid water unless some special 
arrangement is provided for obtaining water direct from the 
well for this purpose. 
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If no storage tank is used it will be necessary to provide pump 
capacity sufficient to meet the greatest demand which is likely 
to occur, otherwise the pressure will be so reduced, during this 
period of heavy demand, as to render the system unsatisfactory. 
If a tank is provided, however, a smaller pump may be used, the 
tank storage being available to supply demands above the 
average. 

It should be borne in mind that the compression tank capacity 
as given in the manufacturer's catalogue does not represent the 
actual amount of water which can be stored; nor does this in 
turn represent the actual amount of water which may be drawn 
from the tank under pressure. For normal conditions the upper 
third of a compression tank will be occupied by air, the elasticity 
of which drives the water out through the discharge line. While 
the water is being discharged from the tank the air is expanding 
and its driving force being reduced, so that the lower limit of 
effective pressure is reached before the tank is emptied. For 
instance, a 180 gallon tank is intended to store only 120 gallons 
of water, the remaining space being occupied by air. Assuming 
the tank pressure to be at the upper limit, usually about 50 lb. 
per sq. in, approximately 50 gallons may be drawn before the 
pressure has been reduced below a practical working value of 
say 20 lb. per sq. in. Thus, for storage purposes, the tank is 
seen to have a capacity of only 50 gallons, instead of the 180 
gallons at which it is rated. 

The rule for calculating this storage capacity is: Add to the 
highest pressure 15; multiply the sum by the air space in the tank 
at the highest pressure in gallons; divide the product by 15 plus the 
lowest pressure; subtract the original air capacity. The result will 
be the effective water storage in gallons. Thus in the above 

example, 180-120 = 60 gal. = Air Space. ^^^Jl^^j^^^ -60 = 50 

(approximately). The effective capacities of tanks of different 
sizes may be computed also from the following table, the illus- 
trative examples showing how the table is used. 

TABLE 2. 

Working Capacities of Pneumatic Tanks.* 

Percent of Tank Capacity Available. 



Final Gage 
Pressure 


Initial Gage Pressure — Pounds Per Square Inch 


Lbs. per 
Sq. ^1. 


10 


20 


30 


40 


50 


60 


70 


80 


90 


100 


5 


8 


26 


41 


58 














10 





13 


26 


40 


53 


66 










15 




6 


16 


28 


39 


60 


61 






__ 


20 







9 


19 


29 


38 


48 


57 






25 






6 


12 


21 


29 


37 


46 


54 


62 


30 









7 


15 


22 


30 


37 


44 


52 


35 








3 


10 


17 


23 


30 


37 


43 


40 











6 


12 


18 


24 


30 


36 


45 


__ 








3 


8 


14 


19 


25 


30 
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♦Port Wajme Engineering and Manufacturing Company, Bulletin. No. 5006. 
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Example 1: 

A 630 gallon tank, 36 inches in diameter by 12 feet long, is 2/3 
full of water under a gauge pressure of 60 pounds. How much 
water can be drawn before the pressure reaches 20 pounds? 

Between 60 and 20 pounds the table gives 38 per cent. There- 
fore 0.38X630 = 239 gallons available. 

Example 2: 

What size tank must be used to deliver 500 gallons of water 
from storage when tank is 2/3 full under 80 pounds pressure, if 
the lowest permissible water pressure is 30 pounds? 

Between 80 and 30 pounds the table gives 37 per cent. The 
tank must therefore have a cap»acity of 500-^0.37 = 1350 gallons 
or it should be about 48 inches by 14 feet 
Example 3: 

A 720 gallon tank 42 inches by 10 feet is 2/3 full of water under 
a gage pressure of 50 pounds. • What will be the pressure after 
150 gallons have been drawn? 

150 gallons equal 21 per cent of the tank capacity. Corres- 
ponding to the 50 pounds initial pressure, and 21 per cent work- 
ing capacity, the table gives final gage pressure as 25 pounds. 

The overhead storage tank, on the other hand, has its full 
capacity available for actual water storage and maintains a suit- 
able working pressure to the lower limit of its capacity. This 
advantage is usually oflf-set however in small systems by the 
higher cost of the overhead tank and its greater liability to cold 
weather difficulties. 

Motors. The power rating of the motor will of course be 
dependent upon the capacity of the pump and the pressure 
against which it is to operate. For the smaller systems 1/8 to 1/4 
horsepower motors are sufficient, while for the larger outfits 
ratings of 1/2, 3/4, or 1 horsepower are necessary. 

For a family of four or five in a house with one bath tub and 
the ordinary plumbing fixtures, a pumping outfit consisting of a 
120 gallons per hour pump, pressure range 20 to 40 pounds per 
square inch, and a 50 gallon tank is a common installation. 
Such a pump, ordinarily, should be equipped with a 1/6 horse- 
power motor. 

The horsepower required may be calculated as follows: Add 
to the suction lift in feet the product ^ pressure in pounds per square 
inch times 2.3. Multiply this sum by the gallons per minute 
pumped and divide by 1000. This rule gives approximate results. 
It is based on a pump efficiency of 25 per cent and it neglects part 
of the friction losses in the piping. For efficiencies other than 
25 per cent the divisor in this rule should be 4000 times the 
pump efficiency. To illustrate the appUcation of this rule let it 
be required to find the size of motor necessary to drive a 120 
gallon per hour pump (two gallons per minute) when the suction 
lift is 20 feet and the pressure is 40 pounds and the pump efficiency 
• QH ^ (20+2.3X40) X2 ^.q^, 

^'^^P"^^"°*- 4000X.30 =0-^87 hp. 
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As this is more than 1/6 horsepower, the next larger size, a 1/4 
horsepower motor, should be used. 

Motors are designed for operation at standard voltages from 
direct or alternating current supply. In ordering it is necessary 
of course to specify the voltage and kind of current available. 
The ordinary 32 volt farm Ughting outfit can usually supply up 
to 1/4 horsepower without danger of serious overload. For 
larger motor ratings the effect upon the generator and batteries 
of the lighting system must be carefully considered in order to be 
sure that adequate power may be safely secured. In the city, 
where these systems are used for furnishing soft water supply, 
power for the smaller motors may safely be taken from any con- 
venient lighting circuit, this piower being commonly 110 volts, 
alternating current. 

Regardless of the character of the available power supply the 
motor should be able to exert a large starting effort since dis- 
placement pumps must start up under heavy load. The speed 
should be fairly constant for different loads. For direct current 
operation these requirements are best met by a compound motor, 
which is the type commonly supplied by manufacturers.. For 
single phase alternating current power the repulsion-start type of 
induction motor has the most satisfactory starting and running 
characteristics, while for three-phase alternating current power 
the wound rotor type of induction motor is- most suitable, par- 
ticularly for the larger systems. For small units operating from 
three-phase supply a properly selected squirrel-cage type induc- 
tion motor can be arranged to operate satisfactorily. Such a 
motor should have sufficient resistance in the rotor to give the 
necessary starting effort. 

Control and Protective Apparatus. The compression 
tank system of water supply lends itself very readily to auto- 
matic operation. The control apparatus for smaller systems is 
very simple, involving only a line switch actuated by the pressure 
of the water or air in the tank. This arrangement allows the 
pressure to vary between certain fixed limits these limits being 
adjustable in most cases by alteration of the pressure of a spring. 
A common range of pressures, as recommended by the manu- 
facturers, is from 35 to 50 lbs. per sq. in. This means that the 
automatic controller will operate to start the motor when the 
tank pressure has dropped to 35 lb. per sq. in. and stop it again 
when the pressure has risen to 50 lb. per sq. in. The pressure 
will be adequate then so long as a normal amount of wat^r is 
being drawn from the system. In case of an unusually heavy 
demand the rate of outflow may exceed the pumping rate and 
the pressure will then drop below 35 lb. The pump will start to 
operate at the 35 lb. per sq. in. pressure, however, and continue 
to operate, regardless of how low the pressure may run, until the 
period of heavy demand has passed and the pressure again 
reaches the upper limit of 50 lb. per sq. in. It is thus evident 
that the ultimate capacity of the system is represented by the 



Digitized by VjOOQIC 



13 

capacity of the pump to supply water at or below the lower pres- 
sure limit. 

For larger systems it is necessary to operate the line switch 
by means of a relay and to insert a step or two of resistance in 
series with the motor while it is starting. The relay for these 
systems may be actuated by a diaphragm arrangement or by a 
pressure gage of standard design so arranged that the indicator 
hand closes the electric circuit actuating the relay at the pre- 
determined points. 

The apparatus as above described is very reliable but the 
result of a single failure would probably prove disastrous to the 
motor, and possibly to other parts of the system. It is there- 
fore advisable to guard against possibility of damage from this 
source in two ways: by fuses in the electric line leading to the 
motor, of such rating that they will '^blow*' and break the circuit 
before a dangerous current is reached; and by a pressure-con- 
trolled relief valve in the main water line near the tank which 
will open automatically before the tank pressure becomes too 
high for safety. 

The fuses and relief-valve form the only protective apparatus 
necessary for small outfits but the motors of larger systems, oper- 
ating from city or transmission line circuits, should in addition 
be protected by suitable apparatus for opening the line circuit 
against loss of line voltage, continued low voltage, and in some 
cases against damage by lightning. 

III. Operating Features 

Advantages of Electric Drive. There are numerous ad- 
vantages gained through the use of electricity, rather than other 
sources of power. The electric motor occupies less floor space 
than any other driving mechanism, is exceedingly dependable, 
quiet in its operation, clean and gives off no objectionable fumes. 
Its use involves the presence of no explosives and if properly 
installed the fire risk due to its presence is negligible. Moreover, 
as previously pointed out, its operation can readily be made 
automatic, and when this is done the system requires only occa- 
sional inspection and oiling to be kept in perfect operating con- 
dition. 

The electric motor drive is also an inexpensive method pro- 
vided power can be obtained from an electric power line at a 
reasonable rate. When the power is supplied from a farm 
lighting system the cost is likely to be considerably greater. 
Careful consideration should be given also to the possibility of 
overloading the sm^all power plant, since these systems are usu- 
ally of rather low capacity. There is on the market a combina- 
tion lighting and water system which obviates these difficulties 
by using one gas engine to drive both generator and pump, the 
three machines being located on one bedplate with the engine in 
the center and arranged for coupling to the generator on one 
side and pump on the other. 
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Where gas engine drive is used a larger storage tank is ad- 
visable than would be necessary for a motor operated system 
since the gas engine system cannot readily be made automatic. 
It can efsily be arranged for self-stopping by providing means 
for breaking the ignition circuit when the pressure has reached a 
predetermined point but it cannot well be made self-starting. 
It therefore becomes desirable to provide large enough storage 
capacity to require operation of the pump only at convenient 
intervals. 

Water Sources. Any available source of water may be used, 
provided the presence of foreign matter does not render the 
water corrosive or obstruct the water passages in the pump. 
In the case of running streams the large variation in suction 
lift may render operation somewhat difficult at times. 

Where the water source is a well it is advisable to make an 
approximate determination of the amount of water the well is 
able to supply and what the maximum range in water level will 
be, particularly for the larger systems. If the maximum suction 
lift exceeds twenty feet it is advisable to place the pump in a pit 
or to use a deep-well type of pump. For domestic service the 
well, if a drilled one, should not be less than four inches in diam- 
eter. Where a deep well pump is necessary a six inch well is 
preferable. 

Where both hard and soft water are to be provided and neither 
lift is more than twenty feet, an economical arrangement may be 
effected by using two tanks with a single pump and motor. This 
arrangement is objectionable only to the extent that it requires 
operation by hand of the valves necessary for shifting the pump 
from one system to the other. If a deep well type pump is re- 
quired for the well water supply this arrangement could not be 
used. Another arrangement is to use a water motor for the soft 
water supply, the pressure from the motor operated well-water 
system supplying the power for operating the soft water system. 
The two systems would then be automatic and practically inde- 
pendent of one another. This is not, however, a very economical 
arrangement and two independent systems operated by separate 
pumps and motors usually will give more satisfactory results. 

Suction Lift. By suction lift is meant the difference in 
elevation between pump cylinder and the water surface, plus 
the pipe friction, plus the back pressure of the foot-valve, all 
expressed in feet of head or the height of a water column neces- 
sary to overcome them. Since this lift depends on atmospheric 
pressure it is affected by altitude. At sea level the atmospheric 
pressure will support a column of water 33.94 feet in height, this 
height decreasing about 1.2 feet for each 1000 feet of elevation 
above sea level. However, since the pipe friction and back pres- 
sure of the foot valve under ordinary working conditions are 
considerable, lifts of 25 feet are about the maximum which can 
be attained in practice and it is usually not advisable to exceed 
20 feet. 



Digitized by VjOOQIC 



15 

In general the suction lift should be made as small as possible 
in order to avoid difficulties due to loss of priming by the pump. 

Deep well cylinders are ordinarily placed below the water 
surface and therefore have no suction lift, the water entering the 
pump chamber under a small head. 

Pressure Head. Pressure may be measured either in 
pounds per square inch or in feet of head and consists chiefly of 
the difference in elevation between the pump chamber and the 
level to which the water is being pumped, or its equivalent pres- 
sure in pounds per square inch, plus the frictional resistance 
which the pipe offers to the water flow. Head in feet may be 
converted to pounds per square inch by dividing by 2.3. 

The frictional resistance depends upon the size, shape, kind 
and condition of the piping and the velocity of the water. Its 
value is obtained from experimental formulas and is given by 
pump manufacturers in the form of tables covering different 
sizes of pipe with water flowing at various velocities. One such 
table is here included. Piping should be of ample size and 
arranged to give as direct connection as possible between points 
to be supplied in order to reduce the loss of head from this 
source. 

TABLE 3. 

Friction Losses in Iron Pipes* 

Pounds Per Square Inch. 



Capacity Gal. 
per Hour 


Size of 
Pipe 


Length of Pipe in Feet 


100 


200 


300 


500 


100 


1 * •• 


1.9 
0.6 
0.1 


3.8 
0.9 
0.3 


6.7 
1.4 
0.4 


9.6 
2.3 
7 


180 


^Inch 


1.4 
0.4 
0.1 


2.8 
0.9 
0.2 


4.2 
1.3 
0.3 


7.1 
2.1 
0.6 


360._- 


^Inch 


5.1 
1.6 
0.4 


10.2 
3.1 
0.8 


16.3 

4.7 
1.2 


25.6 
7.8 
1.9 


720 


1 Inch 

1^ " 


6.6 
1.4 
0.7 


11.2 
2.8 
1.3 


16.8 
4.2 
2.0 


28.1 
7.1 
3.3 



♦Fort Wayne Engineering and Manufacturing Company. 

The loss in a short radius 90 degree elbow may be taken as 
the loss in a straight pipe equal in length to 40 times the diameter 
of the elbow; the friction of a return bend equal to twice that of a 
short radius 90 degree elbow; and the friction of a valve equal to 
that of a return bend. 

The pressure gage reading will include the pipe friction loss as 
well as the actual elevation head if the gage is placed near the 
pump or tank. The actual head at the point of discharge will 
then be the gage reading minus the difference in elevation be- 
tween the gage and the point of discharge, minus the pipe fric- 
tion loss, all expressed in the same units, i. e., pounds per square 
inch or equivalent feet head. 
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For domestic service a pressure at the pump or tank of 40 
lb. per sq. in., corresponding to an elevation head of 92 feet, 
gives very satisfactory results. Lower pressures than 25 lb. per 
sq. in., are likely to prove unsatisfactory. 

Water Consumption. Estimates of the amount of water 
required should be very carefully made and a liberal allowance 
made for extra demand, since considerably more water will be 
used after the system is installed than formerly, particularly if 
a sewage disposal system with its accompanying conveniences is 
also installed. 

Water consumption figures are, in general, very indefinite, 
and are subject to considerable error. For domestic service 
alone it appears advisable to provide from 25 to 50 gallons per 
person per day, depending to some extent upon how many people 
are to be supplied. In general the per capita consumption for a 
large group of people will be less than for a small family. In 
addition to domestic requirements allowance must be made for 
lawn sprinkling and, in case of country homes, for watering of 
stock. 

Estimates of water requirements for various purposes com- 
piled from a number of sources are as in the following table 

TABLE 4. 

1. Watering Stock — 

Animal Gal. per Day 

Horses 7 to 10 

Cattle 7 to 12 

Hogs__- _ 2 to 3 

Sheep 1 to 2 

2. Sprinkling Purposes — 

A H in. hose at 40 lb. per sq. in. pressure win deliver 6 gal. per min. with a solid 
stream and 4 gal. per minute with a spray. 

To sprinkle 100 sq. ft. of lawn requires 8 gallons of water. To soak 100 sq. 
ft. of lawn requires 15 to 40 gallons of water. 

3. To Operate Plumbing Appliances — 

Appliance Water in Gallons 

To flush a water closet 6tol0 gal. 

To fill a bath tub _-. 20 to 40 gal. 

To fill a lavatory- 1 H gal. 

IV. Selection, Installation and Maintenance 

Determination of Size. In determining the system needed 
for a particular case it is necessary to decide upon the amount of 
water needed per day, the pressure under which it is to be de- 
livered, tank capacity — if a storage system is to be used — and 
pump type and capacity. The available power supply will deter- 
mine the type of motor to be used and the motor horsepower will 
depend upon pump capacity and pressure. 

Manufacturers of water supply systems recommend that an 
outline of requirements and conditions be submitted to them, 
leaving to their judgment the selection of proper equipment. It 
is well to submit such an outHne as a check, but the customer 
should make an independent estimate, since he is better informed 
as to conditions under which the system will have to operate. 
If serious differences are found to exist between his own and the 
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manufacturer's choice, the cause should be located and fairly 
close agreement reached before final decision is made. 

In order to illustrate the method by which an estimate can 
be made the following example is given : 

Assume that the domestic requirements of six people are to 
be met; the house being fitted with modern conveniences, in- 
cluding a sewage disposal system. Assume that in addition lawn 
sprinkling and the watering of ten horses and five cows are to be 
provided for. 

By reference to the preceding section on water consumption, 
the following table can be made up. 



Fis. 3. Basemrnt Installation of a Dnep Well and Soft Water System. (Courtesy 
of the The Vaile-Klmes Co., Dayton, Ohio.) 

TABLE 6. 

6 people at 40 gallons per person 240 gal. 

10 horses at 10 gallons each 100 gal. 

6 cows at 12 gallons each 60 gal. 

Sprinkling, one hour at 6 gals, per minute 360 gal. 

Total 760 gal. 

For extra demands. _ _ 240 gal. 

Total daily demand 1000 gal. 
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If this demand was uniformly distributed over the average 
working day of ten hours a 100 gallon per hour pump, operating 
continuously would supply the demand. Since this is never 
the case however, it is necessary to estimate the largest sustained 
demand and provide either a larger pump or a tank of sufficient 
capacity to tide over this period. 

It is probable that the largest sustained demand will be that 
due to sprinkling, the estimated time required being one hour 
at a rate of 6 gallons per minute. This will require an available 
supply of 360 gallons of water at good pressure. Assuming 
that the pressure may be allowed to vary between 50 and 30 
pounds and referring to the table of working capacities of tanks 
on page 9 it is found that the tank should have a total capacity 
of 360-^0.15 = 2400 gallons, or a tank about 5 ft. in diameter by 
16 feet long will be required. A tank of this size would also be 
able to handle at other periods of the day a demand equivalent 
to the discharge of one faucet running continuously for one hour, 
two faucets running continuously for thirty minutes or three 
faucets running continuously for twenty minutes; each faucet 
discharging at the rate of six gallons per minute. It is assumed, 
of course, that in each case the tank is initially filled to its normal 
capacity at 50 lb. pressure, which will not always be the case 
since the automatic switch will start the pump motor only when 
the pressure has dropped to 30 lb. 

The pump should be able to restore the tank pressure to its 
maximum value in 1 1/2 to 2 hours time, which will require a 
pump with capacity of about 200 gallons per hour. 

The objection to the system as outlined above lies in the fact 
that the pump alone will be unable to supply at satisfactory 
pressure a single faucet or hose running continuously, and if a 
heavy demand comes when the tank pressure is near its minimum 
the resulting pressure is Hkely to prove unsatisfactory. 

The alternative lies in providing a pump of sufficient capacity 
to maintain good pressure under normal sustained demands, 
and a tank large enough to act as a reserve against unusual de- 
mands of short duration. In the example under consideration a 
pump with capacity of 360 gallons per hour may be specified. 
This will insure at all times capacity enough to keep a single hose 
or faucet running at fair pressure. Then if a tank of 300 gallons 
be provided there will be available, at a maximum pressure of 
50 lb., a reserve of 300X0.15=45 gallons before the pump begins 
to operate. This is sufficient to handle an equivalent of one 
faucet running continuously for 1]/^ minutes. 

In case the so-called **tankless** or ** direct-pressure' ' system 
is decided upon a tank of about 25 gallon capacity is still ad- 
visable in order to provide elasticity for the system and prevent 
operation of the pump by reason of leaky fixtures, etc. This 
capacity tank will then provide a reserve of about 3 1/2 gallons 
which will be sufficient to ''cushion'* the motor operation. 
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The average head against which the pump will discharge will 
be — 2 — ^^^ ^^' P^^ sq. in. =92.5 ft. approximately. Adding 20 

ft. for suction lift and 2.5 ft. for pipe friction the total average 

head against which the pump must operate is 115 ft. Since the 

pumping rate is to be 6 gallons per minute, the horsepower output 

115x6 
will be approximately jfr^ — ^ = 0.49 hp. or sUghtly less than 

1/2 horsepower, allowing for a pump efficiency of 35 per cent. 
It should be noted however, that it is not usually necessary to 
specify the motor since the complete outfit is commonly pur- 
chased from one manufacturer, who assumes responsibility for 
furnishing the proper motor. All that is necessary then is to 
advise the manufacturer as to pump and tank capacities desired 
and total head against which the pump is to operate. In case 
the suction lift is below twenty feet a shallow well type of pump is 
used and if above twenty feet a deep well type is necessary. 
With pneumatic types of pump there is no essential difference 
between the pumps for shallow or deep wells, though the shape 
of the pump differs in some cases. 

Installation. Specific directions for the installation of all 
apparatus connected with the water supply system are usually 
furnished by the manufacturer, and careful consideration should 
be given these directions since the manufacturer is in position 
to know how to secure the best results from the apparatus. 
In general, the first consideration should be to secure immunity 
from troubles due to freezing. The second consideration should 
be directed towards a location convenient alike to the source of 
supply and the points of maximum demand, in order to avoid 
unnecessary losses in piping. Both of these considerations are 
usually best met by locating the pump in the basement of the 
house. If the basement is of sufficient size the entire outfit may 
be placed there; if not, then the tank may be buried in the earth 
outside with one end projecting into the basement. 

If a small tank is used, such as furnished with soft water 
outfits, the complete equipment will occupy very little space 
and may be set directly upon the basement floor, or with some 
designs, the pump and motor may be placed on wall brackets 
while the tank is suspended in a horizontal position from the 
floor beams above. 

Large tanks are arranged for horizontal setting and should 
be placed on concrete piers, shaped to cradle form. These piers 
should be placed three to five feet apart and should be of suffi- 
cient height to leave a clear space of at least twelve inches be- 
tween tank and floor. Where the tank is placed outside the 
basement the earth underneath it should be carefully tamped to 
prevent settling and the head should extend two to four feet into 
the basement, depending upon the size of the tank. 

If necessary to locate the outfit away from the house a pit, 
six to ten feet deep, should be provided, properly lined and cov- 
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ered. The lining should be of concrete or cement in order to 
prevent leakage of water into the pit, the sides extending suflS- 
eiently above ground to permit the placing of air-vents beneath 
the cover. The pump should be so placed that it will not have 
to carry the weight of the suction pipe. 

All piping should be galvanized to prevent rusting, with 
joints made thoroughly water tight, and if outside should be 
placed at least three feet below ground to insure against freezing. 
All pipe should be run as direct as possible to avoid unnecessary 
loss of pressure. The suction piping should have a slight upward 
slant from the well to the pump in order to guard against the 
collection of air into pockets with resulting priming difficulties. 

If a shallow-well type of displacement pump is located in a 
basement or pit in such a manner that the pump suction is below 
the level of the water in the well or cistern outside, trouble may 
be experienced in keeping enough air in the chambers attached 
to the pump as well as in the pneumatic tank. The purpose of the 
chambers is to act as cushions to promote smooth operation. 



Fi^. 4. An Electric Pump in a Farm Basement. 

If the chambers become filled with water instead of air the pump 
will no longer operate smoothly, but will be subject to knocks 
and jars which are likely to prove detrimental. This difficulty 
may be avoided by installing a small standpipe between pump 
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and cistern. Then by throttling the water before the standpipe 
is reached air will be drawn through the standpipe. This should 
be done as often as necessary to provide smooth operation of the 
pump and keep sufficient air in the storage tank. 

Occasionally it may be necessary to install extra air chambers 
where the length of pipe is considerable and a tendency toward 
"water-hammer'* is shown. Air chambers used in this way 
always have a cushioning effect and tend to promote smooth 
operation. 

Check valves or foot valves are desirable in the suction line 
where the total lift exceeds fifteen feet, and may prove necessary 
in some cases for smaller lifts. They hold the suction pipe full 
of water while the pump is idle thus rendering the priming easy. 
Where footvalves do not provide the necessary relief it may be 
necessary to install a small by-pass around the pump so that the 
suction pipe may be filled from the storage tank. This should 
insure proper priming unless there are excessive air leaks in the 
line or unless foot valves are very leaky. It should be kept in 
mind of course that suction lifts should always be limited as 
much as possible and never under any circumstances should 
exceed 25 feet. 

The shallow well type of pump may be located where most 
convenient without other reference to location of the water 
source than to remember that extra length of piping adds to the 
suction lift, due to friction of the water flowing through the pipe, 
and increases the likelihood of troublesome air leaks. Any addi- 
tional elevation of course adds directly to the suction lift. 

Deep well pumping equipment is not so flexible as to location. 
Due to its method of operation the pump itself must be located 
below the water level in the well and the power head directly 
above. The power head and driving motor may be located at 
ground level with a housing built over it, but since this involves 
more or less danger from freezing a better arrangement is to pro- 
vide a pit as previously described into which the equipment may 
be placed. The illustration on page 11 shows an arrangement 
of this kind. 

The pneumatic system compares favorably with the shallow 
well type as to flexibihty of location. While the pump proper 
is located below the water level in the well the connection be- 
tween the pump and air tank or compressor consists of a pipe 
line which may be extended as desired. The same objection to 
unnecessary separation holds as in the case of the shallow well 
type of pump however. Friction in the water pipe adds to the 
head against which the pump must operate and friction in the 
air pipe decreases the power available to do the pumping. In 
addition it is difficult to prevent some loss of air from leaks in 
the pipe line. As noted previously one compressor and air tank 
may be used to supply water to two otherwise independent 
systems, as, for instance, cistern and well water systems. All that 
is necessary is to provide a pump in both well and cistern and 
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run pipes to these pumps from the common source of compressed 
air. The water lines will be entirely independent, running 
directly to the house piping of the two systems. 

Electric motors must be properly wired and must have the 
proper voltage applied to them if they are to operate to best 
advantage. The most frequent source of difficulty is due to low 
voltage at the motor. This will result in excessive heating of the 
motor and may result in burning it out. This under-voltage 
may be due to the supplying transformer being overloaded or 
may be due to use of too small wires, resulting in excessive loss of 
electric pressure before the motor is reached. It is particularly 
necessary to guard against loss of pressure in the wiring in case 
of farm lighting sets, the voltage being lower in this case than 
where power is secured from a large power system. The current 
is proportonally larger, resulting in greater pressure losses in 
the wiring unless large wire sizes are used. 

The wires should be brought through a Une switch and fuses 
of proper size installed as a protection to the motor in case it 
should become stalled or overloaded. The motor wiring should 
be separate from the lighting circuits in all cases. 

The following table shows the proper sizes of wiring and fuses 
for various motor capacities and power sources. 







Wire 


Table 6 
A.ND Fuse Sizes. 








110 Volts 
Single Phase 


32 Volts 
Direct Current 




Distance 




100 Ft. 

or 

Less 


100 Ft. 

to 
200 Ft. 


50 Ft. 

or 
Less 


50 Ft. 

to 
100 Ft. 


•'s Hd Motor- _ - / 


Wire.. _ 
Fuse. . 


No. 14 
5 Amp. 


No. 12 
5 Amp. 


No. 12 
15 Amp. 


No. 10 




15 Amp. 


H Hp. Motor. 


{ 


Wire 

Fuse. - _ 


No. 12 
10 Amp. 


No. 10 
10 Amp. 


No. 10 
20 Amp. 


No. 8 
20 Amp. 


H Hp Motor- 


/ 

\ 


Wire-. 
Fuse. 


No. 12 
15 Amp. 


No. 8 
15 Amp. 


No. 8 
25 Amp. 


No. 6 
25 Amp. 


la Hp Motor. 


( 


Wire 

Fuse 


No. 10 
20 Amp. 


No. 6 
20 Amp. 


No. 6 
50 Amp. 


No. 4 
50 Amp. 


1 Hp Motor. - 


.... 


Wire 

Fuse 


No. 8 
30 Amp. 


No. 6 
30 Amp. 


No. 2 
90 Amp. 


No. 1 
90 Amp. 



Maintenance. Outfits of the kind under consideration re- 
quire very little attention after installation if properly located 
and installed in the first place. This should not, however, be 
taken to mean that they may be forgotten entirely and expected 
to go on supplying satisfactory service indefinitely. A careful 
inspection should be made at least once each week to see that all 
accessible parts are in proper working condition, and well lubri- 
cated. Upon appearance of any abnormal condition, however 
slight, an investigation should be made at once to determine and 
remove the source of trouble. A slight adjustment made at 
once may save considerable expense later on. 
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A frequent source of trouble with the shallow-well type 
reciprocating pump lies in the piston rod packing. If this pack- 
ing is improperly placed or is too loose water will leak past it. 
If too tight the motor must supply additional power to overcome 
the resulting friction, this power being wasted as far as useful 
work is concerned. It may also result in scoring of the piston 
rod. If properly packed when installed renewal should not be 
necessary more often than once a year, or even less frequently, 
but the packing should be tightened slightly whenever an appre- 
ciable amount of water begins to leak past it. 

Another source of trouble lies in the tendency of compression 
tanks to become ** water-logged,'' this condition being caused by 
air leaving the tank through absorption by the water faster than 
it is supplied. With large tanks it is sometimes necessary to 
occasionally force air into the tank by means of an auxiliary 
hand or power pump, but many of the smaller outfits are equipped 
with a device in connection with the pump which permits a 
small amount of air to be drawn in at each stroke of the piston. 
This device is usually adjustable as to amount of air supplied. 
The water-logged condition results in too frequent operation of 
the pump. In extreme cases the pump operates each time a fau- 
cet is opened and shuts off immediately after the faucet is closed. 
Normally the air should occupy about one third of the tank 
capacity when pressure is at its maximum. 



Fig. 5. A Shallow Well System. Capacity 360 Gal. Per Hour. (Courtesy of Ft. Wayne 
Ens^g A Mfg. Co., Ft. Wayne, Ind.) 

The motors furnished with these equipments are not usually 
designed for continuous operation and may become overheated 
if operated for longer than 1 1/2 to 2 hours without shutdown. 
It is also expected that they will have free contact with the air 
for keeping the motor cool and they should not therefore be 
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covered or placed so that the air cannot pass freely around the 
motor parts. 

In case of direct current motors the commutators may become 
dirty and need occasional cleaning in order to prevent sparking. 
This may be done by holding a strip of fine sandpaper against 
the commutator while the motor is running. Emery cloth 
should never be used for this purpose as it cuts into the com- 
mutator itself. Brushes should be renewed when badly worn, 
the new brushes being fitted to the commutator by the use of 
sandpaper held on the commutator and rubbed back and forth 
on the lower side of the brush while power is cut off from the 
motor. 

The automatic control switch should not ordinarily need 
attention but may be readjusted in most cases if it does not 
maintain a proper working pressure. The contact points should 
be inspected occasionally to see that they are not wearing ex- 
cessively due to imperfect contact, lack of proper contact, lack 
of proper contact pressure or other reasons. 

The manufacturer's instructions as to care of apparatus, 
particularly as to lubrication, form the best guide in most cases. 
The instructions so issued should be carefully memorized, or, 
better still, the instruction sheets or placards placed permanently 
near the apparatus concerned so that they are available for refer- 
ence at all times. 

Finally, the apparatus should be kept free from dirt, dust or 
excessive moisture and protected against rust by judicious appli- 
cation of paint or oil. 

y. Operating Records and Tests 

Energy Consumption. In order to determine the energy 
consumption of some typical plants, watthour meters were in- 
stalled in four residences using automatic compression tank sys- 
tems, for soft water supply, and left in place about six weeks. 
This period included the holiday season when it might be ex- 
pected that more than an average amount of water would be 
used. In the four cases the soft water system included outlets 
in bath room, kitchen and laundry and the soft water was freely 
used. 

The table below shows the results which were obtained. The 
time given includes only the days each water system was in 
actual use. 

TABLE 7. 
Enbrot Consumption Data 



Meter 


Time 
Days 


^rg?. 


No. of 
People 


Kw.-hr. 
per Month 


Kw.-hrs. 
per Person 
per Month 


A 


47 
35 
30 
42 


1.30 
0.50 
2.25 
4.50 


3 
2 
3 
6 


0.83 
0.43 
2.25 
3.20 


0.276 


B 


0.215 


c 


0.760 


D 


0.533 
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Assuming a unit cost of 10 cents per kw.-hr. it will be seen 
that the maximum cost for soft water pujmping in the cases given 
is 7.5 cents, while the average is approximately 4.5 cents per 
person per month. It should be understood however, that this 
is a special and limited requirement where the amount of water 
consumed is small. For the general requirements of village or 
farm homes, especially where stock watering and lawn sprinkling 
facilities are to be provided the cost will be much greater. 

Tests. Tests made on several suction lift, compression tank 
outfits with capacities of 100 to 300 gallons per hour showed over- 
all efficiencies (ratio between output of pump and input to motor) 
varying between 10 per cent and 35 per cent, the average at 40 
lb. tank pressure and 20 ft. lift being about 23 per cent. These 
tests were run against higher heads, however, than would ordi- 
narily be used in service and the efficiency grows less as the pres- 
sure head diminishes. This being the case it seems reasonable 
to expect that under ordinary service conditions 20 per cent 
would represent a fair average efficiency. At this efficiency 
about 1.57 kw.-hr. is required to raise 1000 gallons of water 100 
feet or force it against an equivalent pressure head. This cor- 
responds to a condition of 40 poimds per sq. in. pressure in the 
tank and a suction lift of 7 1/2 feet or its equivalent. 



Fig. 6. Frost Proof InatalUition of a Dnep Well Ssratem. (Courtesy of Ft. Wayne 
Eiis*g ft Mfg. Co., Ft. Wayne, Ind.) 

If electric energy costs 15 cents per kw.-hr. then the expense 
of pumping 1000 gallons of water under average conditions will 
be 1.57X0.15 = 23 1/2 cents 

Since 1000 gallons per day seems sufficient to supply the 
needs of a fair sized farm home (see page 17) it would appear that 
an expenditure of 20 to 25 cents per day might be considered as 
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suflScient to cover the requirements of the average farm,er, assum- 
ing cost of electricity as given above which may be taken as a 
representative figure where power is obtained from a transmission 
line. Where power is obtained from a farm lighting plant, how- 
ever, its cost is likely to be higher as very few farm lighting 
plants produce electric energy at a total cost as low as 15 cents 
per kilowatt hour. 

The following tables (Tables 8 to 14 inc.) present test data 
on several typical residence pumping outfits. The tests were 
made in the Purdue University Laboratories. 

TABLE 8 
Test Data on Systbm No. 1 
Pump Capacity — 100 Gallons per Hour 
Motor — H Hp., — Alternating Current, 60 Cycle. 



1 

Gage 
Pressure 


2 


3 


4 


5 


6 


7 


8 


Time 


Line 


Line 


Line 


Pump 
Speed 
R.P.M. 


Weight 


Total 


Lb. per 
Sq. In. 


Mln. 


Volte 


Amp. 


Watte 


Water 
Lb. 


Head 
Feet 


50 


5 


106.8 


3.0 


195 


287 


66.75 


137.0 


40 


5 


106.7 


2.9 


182 


292 


66.5 


114.1 


30 


5 


106.8 


3.1 


180 


293 


67 


91.1 


20 


5 


107.4 


2.9 


164 


297 


70.7 


68.2 


10 


5 


106.9 


2.8 


149 


298 


74 
15 


44.6 
16 


9 


10 


11 


12 


*3 


14 




Kw.-hr. 












Kw.-hr. 


per 


Input 


Output 


Output 


Eff. 


Gal 


Gal. per 
Kw.-hr. 


per 


1000 Gal 


Kw.-hr. 


Kw. 


Kw.-hr. 


Percent 


per Hr. 


1000 Gal. 


100 Ft. 
















Head 


.164 


.0413 


.0034 


21.1 


96.1 


489 


2.04 


1.49 


.162 


.0345 


.0028 


19.1 


96.1 


536 


1.87 


1.64 


.150 


.0275 


.0022 


15.3 


96.5 


535 


1.87 


2.05 


.137 


.0225 


.0018 


13.7 


101.7 


618 


1.62 


2.37 


.124 


.0149 


.0012 


10.2 


106.5 


715 


1.40 


3.14 
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TABLE 9. 
Test Data on Stbtbm No. 2 







Pump Capacity— 


-180 Gallon per Hour 










Motor 


— H Hp, Alternating Current. 60 Cycle. 




1 

Gage 
Pressure 


2 


3 


4 


5 


6 


7 


8 


Time 


Line 


Line 


Line 


Pump 
Speed 
R.P.M. 


Weight 


Total 


Lb. per 
Sq. In. 


Min. 


Volts 


Amp. 


Watts 


Water 
Lb. 


Head 
Feet 


50 


8 


109 


4.2 


260 


254 


192 


140.5 


40 


8 


109 


4.1 


246 


256 


196 


117.6 


30 


8 


109 


3.9 


211 


261 


198 


95.3 


20 


8 


109 


3.7 


264 


264 


198 


73.4 


10 


8 


109 


3.7 


176 


266 


197 


50.7 

16 
Kw.-hr. 


9 


10 


11 


12 


13 


14 


15 














Kw.-hr. 


per 


Input 


Output 


Output 


Eff. 


Gal. 


Gal. per 
Kw.-hr. 


per 


1000 Gal. 


Kw. 


Kw. 


Kw.-hr. 


Percent 


per Hr. 


1000 Gal. 


100 Ft. 
















Head 


.260 


.0762 


.0102 


28.3 


172.5 


641 


1.56 


1.11 


.246 


.0654 


.0087 


26.7 


176.8 


724 


1.38 


1.17 


.211 


.0534 


.0071 


24.5 


177.8 


820 


1.22 


1.28 


.264 


.0412 


.0055 


20.2 


177.8 


872 


1.14 


1.56 


.176 


.0283 


.0037 


15.8 


177.0 


992 


1.01 


1.99 



TABLE 10. 
Test Data on System No. 3 







Motor 


— HHv., 


Direct Current. 32 Volt. 




1 

Gage 
Pressure 
Lb. per 
Sq. In. 


2 

Time 
Mln. 


3 

Line 
Volts 


4 

Line 
Amp. 


5 

Line 
Watts 


6 
Pump 
R.^M. 


7 

Weight 

Water 

Lb. 


8 

Total 
Head 
Feet 


50 
40 


6 
6 
6 
6 
6 

10 

Output 
Kw. 


32 
32 
32 
32 
32 

11 

Output 
Kw.-hr. 


10.3 
9.0 

7.8 
6.8 
5.8 

12 

Eff. 
Percent 




119 
120 
126 
128 
132 

14 

Gal. per 
Kw.-hr. 


219 
223 
224 
223 
221 

15 

Kw.-hr. 

per 
1000 Gal. 


144.0 
121 6 


30 




98.6 


20 




75 7 


10 




52.9 


9 
Input 


13 

Gal. 
per Hr. 


16 

Kw.-hr. 

10(fe^Gal. 

100 Ft. 

Head 


.332 
.288 
.250 
.217 
.187 


.1193 
.1023 
.0833 
.0637 
.0442 


.0119 
.0102 
.0083 
.0064 
.0044 


35.9 
35.5 
33.3 
29.3 
23.5 


262.5 
267.0 
268.0 
267.0 
265.5 


790 

927 

1072 

1228 

1416 


1.26 

1.07 

.93 

.81 

.70 


.87 

.88 

.94 

1.07 

1.33 
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TABLE 11. 
Test Data on Sybtsm No. 4 
Pump Oapacity — 140 Gallon per Hour. 
Motor — U, Hp., Alternating Current, 60 Cycles. 



1 

Gage 
Pressure 


2 


3 


4 


6 


6 


7 


8 


Time 


Line 


Line 


Line 


Pump 


Weight 


Total 


Lb. per 
Sq. fn. 


Min. 


Volts 


Amp. 


Watts 




Water 


Head 










R.^M. 


Lb. 


Feet 


40 


10 


110 


4.9 


303.5 


548 


186 


113.4 


30 


10 


110 


4.7 


273.0 


553 


189 


91.0 


20 


10 


110 


4.6 


215.5 


556 


193 


68.3 


10 


10 


110 


4.7 


260 


563 


196 
15 


44.9 
16 


9 


10 


11 


12 


13 


14 


Kw.-hr. 


Kw.-hr. 
per 


Input 


Output 


Output 


Eff. 


Gal. 


Gal. per 
Kw.-hr. 


per 


1000 Gal. 


Kw. 


Kw.-hr. 


Percent 


per Hr. 


1000 Gai. 


100 Ft. 
















Head 


.303 


.0616 


.0086 


17.0 


136 


440 


2.10 


1.86 


.273 


.0385 


.0064 


14.2 


496 


2.01 


2.21 


.265 


.0294 


.0049 


11.1 


138 


522 


1.91 


2.8 


.260 


.0199 


.0033 


7.6 


141 


642 


1.84 


4.1 



TABLE 12. 
Test Data on System No. 5 







E*ump Capacity — 300 Gallons per Hour. 
Motor— K Hp., Direct Current. 32 Volt. 






1 

Gage 

Pressure 

Lb. per 

Sq. 


2 

Time 
Min. 


3 

Line 
Volts 


4 

Line 
Amp. 


5 

Line 
Watts 


6 

Pump 
Speed 
R.P3I. 


7 

Weight 

Water 

Lb. 


8 

Total 
Head 
Feet 


35 


5 
10 

6 
10 

6 

5 

10 

Output 
Kw. 


32 
32 
32 
32 
32 
32 

11 

Output 
Kw-hr. 


10.2 
9.8 
9.2 

8.5 
7.7 
7.1 

12 

Eff. 
Percent 




2020 
2080 
2140 
2210 
2300 


19 
105 

81 
224 
147 
204 

15 
Kw.-hr. 
lOW^Gal. 


84.7 


30 




74.1 


25 




63.2 


20 




33.9 


16 




44.1 


10 




36.4 


9 
Input 


13 

Gal. 
per Hr. 


14 

Gal. per 
Kw.-hr. 


16 

Kw.-hr. 

lOcBTGai. 

100 Ft. 

Head 


.328 
.314 
.295 
.274 
.246 
.227 


.0073 
.0177 
.0234 
.0274 
.0296 
.0337 


.0006 
.0029 
.0019 
.0046 
.0024 
.0028 


2.2 

5.6 

7.9 

10.0 

12.0 

14.8 


27.4 
75.6 
117.2 
161.0 
210.5 
294.0 


83 
240 
397 
590 
856 
1295 


12.04 
4.16 
2.52 
1.69 
1.17 
.77 


14.12 
5.61 
3.99 
3.14 
2.65 
2.12 
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TABLE 13. 
• Test Data on ST^rsii No. 6 
Pump Capacity — 160 Gallons per Hour 
Motor — H Hp.. Direct Current. 32 Volt. 



1 

Gage 
Pressure 


2 


3 


4 


5 


6 


7 


8 


Time 


Line 


Line 


Line 


Pump 
R.?>.M. 


Weight 


Total 


Lb. per 
Sq. In. 


Min. 


Volts 


Amp. 


Watts 


Water 
Lb. 


Head 
Feet 


50 


10 


32 


5.6 




162 


200 


138.7 


40 


10 
10 
10 
10 


32 
32 
32 
32 


5.3 
4.7 
4.3 
3-7 




167 
170 
175 
179 


202 
212 
223 
230 


115.2 


30 




91.8 


20 




69.3 


10 




46.4 






16 














15 




9 


10 


11 


12 


13 


14 


Kw.-hr. 


Kw.-hr. 
per 


Input 


Output 


Output 


Eff. 


Gal. 


Gal. per 
Kw.-hr. 


per 


1000 Gal. 


Kw. 


Kw.-hr. 


Percent 


per Hr. 


1000 Gal. 


100 Ft. 
















Head 


.181 


.0627 


.0146 


34.8 


144.0 


795 


1.26 


.90 


.171 


.0627 


.0087 


31.0 


145.0 


848 


1.17 


1.02 


.153 


.0440 


.0073 


28.8 


152.6 


998 


1.00 


1.08 


.138 


.0349 


.0058 


25.3 


160.0 


1156 


.86 


1.25 


.121 


.0236 


.0039 


19.1 


166.2 


1365 


.73 


1.68 



TABLE 14. 
Tbst Data on System No. 7 







Pump Capacity — 180 Gallons per Hour. 
Motor— H Hp. Dh-ect Current. 32 Volt. 






1 

Gage 
Pressure 
Lb. per 

Sq. In. 


2 

Time 
Min. 


3 

Line 
Volts 


4 

Line 
Amp. 


5 

Line 
Watts 


6 
Pump 
R.^M. 


7 

Weight 

Water 

Lb. 


8 

Total 
Head 
Feet 


50 


6 
7 
7 
6 
6 

10 

Output 
Kw. 


31.4 
31.4 
31.4 
31.4 
31.4 

11 

Output 
Kw.-hr. 


14.8 
14.2 
13.6 
12.9 
12.4 

12 

Eff. 
Percent 




320 
325 
328 
334 
339 

14 

Gal. per 
Kw.-hr. 


139 
163 
167 
146 
148 

16 
Kw.-hr. 
lOOO^Gal. 


154.9 


40 




132.0 


30 




109.0 


20 




86.0 


10 




63.0 


9 
Input 


13 

Gal. 
per Hr. 


16 

Kw.-hr. 

per 

1000 Gal. 

100 Ft. 

Head 


.466 
.447 
.427 
.407 
.391 


.0808 
.0694 
.0587 
.0473 
.0362 


.0080 
.0081 
.0068 
.0047 
.0036 


17.3 
16.6 
13.7 
11.6 
8.9 


166.5 
167.2 
171.6 
175.0 
177.5 


356 
374 
400 
430 
454 


2.80 
2.68 
2.48 
2.32 
2.20 


1.81 
2.02 
2.28 
2.70 
3.50 
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TENTH ANNUAL ROAD SCHOOL 



PREFACE. 

The purpose of the annual Purdue Road School is to bring 
together engineers, officials, contractors and citizens of the State 
who are interested in street and highway problems, to the end 
that they may not only hear various phases of these problems 
presented by experts of national reputation, but also that they 
might have opportunity to meet and exchange ideas and expe- 
riences with each other. The design of pavements, construction 
methods, maintenance operations and traffik: requirements are 
continually changing and no interested official, engineer or con- 
tractor can expect to keep in touch with these ideas without tak- 
ing advantage of such agencies as the Purdue Road School. 

The first school was held in 1915, with an attendance of 75. 
Since then there has been an increasing interest, the attendance 
reaching a maximum of 365 in 1922. The following table shows 
the classified attendance during the week of January 7 to 11, 
1924: 

State Officials 1 

State Highway Commission 47 

County Highway Superintendents 71 

Assistant County Highway Superintendents 25 

County Surveyors and Engineers 30* 

City Street Commissioners 8 

County Commissioners 7 

Engineers and other Officials 5 

Contractors 25 

Material and Equipment Men 65 

Miscellaneous 22 

Total 304 

Indiana counties represented 83 

States represented 7 

In 1921 a law was created by the state legislature which 
provides that all County Highway Superintendents shall attend 
the road school each year for a period of at least one week, with 
all expenses paid by the respective counties. A similar bill is 
now being fostered by the County Surveyors and County Engi- 
neers' Association. Undoubtedly increased efficiency of these 
various highway officials resulting from knowledge gained at 
this annual road school is of great value to the tax payers of 
Indiana. 



*In two counties the offices of Highway Superintendent and Surveyor are combined, 
therefore these men are listed twice in the table, but only counted once in the total. 
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A very enjoyable feature of the week was the annual ban- 
quet on Thursday evening. State Senator James H. MacDonald 
of Connecticut, who has served his State as Highway Commis- 
sioner for eighteen years, delivered the principal address, prov- 
ing himself to be an orator and a very clear thinker on the high- 
way problems confronting us. Credit for the success of the 
banquet is due Mr. E. H. O'Neill of Crawfordsville, who had 
charge of the arrangements. 

Prof. C. C. Albright was in direct charge of the school. 
Assisting him on the program committee were: Mr. John. J. 
Griffith, Mr. F. W. Council and Prof. Ben H. Petty. The co- 
operation and counsel of Dean A. A. Potter, Dr. \V. K. Hatt, 
Prof. W. A. Knapp and State Highway Officials contributed to 
the success of the school. 

The annual road school is one of the activities of the Engi- 
neering Extension Service of Purdue University. 

The papers, as printed in this volume, have been consider- 
ably condensed from the original form in which they were 
presented at the Road School due to the fact that the funds 
available for publishing the proceedings were limited. The Edi- 
tor has endeavored also to eliminate repetition where the speak- 
ers discussed similar subjects. 

Lafayette, Indiana. B. H. P. 

March 10, 1924. 
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PROGRAM 



MONDAY, JANUARY 7, 1924. 
Morning 

Registration at Civil Engineering Building. 

Afternoon 

Presiding, Professor C. C. Albright. 
Addresses of Welcome — 

Doctor E. C. Elliott, President, Purdue University. 
Doctor W. K. Hatt, Head, School of Civil Engineering, Purdue Uni- 
versity. 

Replies — 

Mr. A. P. Jones, President, Indiana County Highway Superintendents' 
Association. 

Mr. D. L. Heaton, President, Indiana County Surveyors' and County 
Engineers' Association. 

Mr. A. A. Girton, President, The City Street Commissioners' Asso- 
ciation of the State of Indiana. 

General Announcements — 

Professor C. C. Albright. 
The Present and Future Indiana State Highway System — 

Mr. Earl Crawford, Commissioner, Indiana State Highway Commis- 



TUESDAY, JANUARY 8, 1924. 
Morning 

Presiding, Mr. A. P. Jones. 

Drainage of Roads — 

Mr. Don Heaton, Engineer, Benton County. 

Signs, Guard Fences and Railroad Crossings — 

Mr. James L. Tucker, Clay County Highway Superintendent. 

Construction and Maintenance of Small Bridges and Culverts — 

Mr. Wm. J. Titus, Bridge Engineer, Indiana State Highway Com- 
mission. 

Discussion — 

Mr. George Dix, Clark County Highway Superintendent. 

Mr. U. P. Anderson, Washington County Highway Superintendent. 
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Afternoon 

Presiding, Mr. A. H. Hinkle. 
Development of Highway Surfaces — 

Mr. C. M. Upham, Chief Engineer, North Carolina Highway Com 
mission. 

Construction of Bituminous Macadam Roads — 
Mr. Orin M. Darling, Engineer, Allen County. 

Records and Accounts of County Officials — 

Mr. Lawrence W. Orr, State Examiner, Indiana State Board of Ac- 
counts. 

Discussion — 

Mr. Clyde Piper, Fayette County Highway Superintendent. 
Mr. Elmer Blue, Putnam County Highway Superintendent. 

WEDNESDAY, JANUARY 9, 1924. 
Morning 

Presiding, Mr. Don Heaton. 
Specifications — 

Professor Ben H. Petty, Asst. Prof, of Highway Engineering, Purdue 
University. 

Reconstruction of State Roads with Bituminous Surfaces — 

Mr. W. K. O'Neill, District Engineer, Indiana State Highway Com- 
mission. 

Bituminous Road Maintenance — 

Mr. Wm. G. Tonkel, Allen County Highway Superintendent. 
Mr. Joseph Crowe, Porter County Highway Superintendent. 
Mr. Matt Foster, Vanderburg County Highway Superintendent. 

Specifications and Tests for Bituminous Road Materials — 

Mr. Fred Kellam, Testing Engineer, Indiana State Highway Com- 
mission. 

Discussion — 

Professor R. B. Crepps, Testing Materials Laboratory, Purdue Uni- 
versity. 

Afternoon 
Presiding, Professor Ben H. Petty. 
Repair and Maintenance of Streets with Bituminous Material^ — 
Mr. D. B. Davis, City Engineer, Richmond, Indiana. 

Discussion — 

Professor C. C. Albright, In Charge of Highway Engineering, Purdue 
University. 
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New Developments in Road Maintenance — 

Mr. A. H. Hinkle, Superintendent of Maintenance, Indiana State High- 
way Commission. 
Safety and Utility Factors at Railroad Crossings of Roads and Streets — 

Mr. L. F. Shedd, Superintendent of Safety, C. R. I. & P. R. R. Co^ 

Materials for Road Maintenance — 

Mr. A. J. Ryan, Decatur County Highway Superintendent. 
Mr. Robert Crane, Daviess County Highway Superintendent. 
Mr. Wm. S. Parks, Jasper County Highway Superintendent. 

THURSDAY. JANUARY 10, 1924. 
Morning 
Presiding, Mr. A. A. Girton. 
Construction of Gravel Roads — 

Mr. Alvin E. Gempler, Engineer, Posey County. 

Gravel Road Maintenance — 

Mr. Jacob Girton, Shelby County Highway Superintendent. 
Mr. Daulton Martin, Parke County Highway Superintendent. 

Construction of Macadam Roads — 

Mr. Homer Teeters, Engineer, Jay County. 
Macadam Road Maintenance — 

Mr. W. O. Jones, Wayne County Highway Superintendent. 

Road Maintenance Machinery and Equipment — 

Mr. W. O. Daugherty, Gibson County Highway Superintendent. 
Mr. Charles Bryner, Elkhart County Highway Superintendent. 

Afternoon 
Presiding, Professor C. C. Albright. 
Economy to the Public of Good Highway Maintenance — 

Mr. S. C. Hadden, Editor, Municipal and County Engineering. 

Relation of Cost of Roads to the Traffic — 

Professor T. R. Agg, Professor of Highway Engineering, Iowa State 
College. 

Construction of Concrete Roads — 

Mr. C. C. Mason, Assistant Engineer, Marion County. 

Concrete Road Maintenance — 

Mr. A. P. Jones, Madison County Highway Superintendent. 
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Evening 

Annual Banquet. 

Presiding, Professor C. C. Albright, 
Home Economics Building, 
Purdue University. 
Address — 

Mr. J. H. MacDonald, State Senator, Connecticut. 

Annual Meetings 
Indiana County Highway Superintendents* Association. 
Indiana County Surveyors* and County Engineers* Association. 
The City Street Commissioners' Association of the State of Indiana. 

FRIDAY, JANUARY 11, 1924. 
Morning 

Presiding, Professor C. C. Albright. 

Construction of Brick Roads — 

Mr. E. C. Minton, Engineer, Tippecanoe County. 

Brick Road Maintenance — 

Professor C. C. Albright, Purdue University. 

Mr. W. E. Gove, Tippecanoe County Highway Superintendent. 
Road School Picture. 

Highway Maintenance from the Standpoint of Service, Safety and Econ- 
omy — 
Mr. G. C. Dillman, Deputy Commissioner and Chief Engineer, Michi- 
gan State Highway Department. 

Afternoon 

Presiding, Professor Ben H. Petty. 

Forecasting Highway Traffic — 

Doctor W. K. Hatt, Head, School of Civil Engineering, Purdue Uni- 
versity. 

Changes and Improvements in Design and Construction of Indiana State 
Roads- 
Mr. J. T. Hallett, Road Engineer, Indiana State Highway Commis- 
sion. 
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THE MAINTENANCE AND REPAIR OF STREETS 
WITH BITUMINOUS MATERIALS. 



By D. B. Davis, 
City Engineer, Richmond, Ind. 



The causes which tend to destroy the smoothness of a pave- 
ment within a city are somewhat different from those outside. In 
the city, we have in addition to the natural causes of failure, the 
voluntary action of the public utilities and contractors, wherein 
they must from necessity excavate in the city pavements in or- 
der to give to the people the service which they sell. The regu- 
lation of openings and replacements in city pavements is as vital 
a subject as the city official in charge has to contend with to 
keep his pavements smooth. 

It may not be out of place briefly to describe the methods 
used in Richmond in this connection. Six years ago we did not 
have any effective regulation of openings and replacements of 
pavements. On every street there were trenches which had sunk 
all the way from two to six inches. From time to time lists 
were made of these sunken trenches and were referred to the 
various parties responsible. In most cases it was weeks and 
months before any real effort was made to fill them. In many 
instances the responsibility of the trench was denied. 

The matter was taken in hand, investigation was made of 
the practice in other cities and an ordinance was drawn and 
passed by the city council. At this same time a system of patrol 
maintenance was inaugurated by the city. The ordinance pro- 
vided that before a permit was granted to dig in any street, a 
deposit was necessary to cover the cost of backfilling and the 
replacement of the pavement over the trench. The city then 
took over this work of back-filling and pavement replacement and 
did it at actual cost plus 12 per cent for any future maintenance. 
This actual cost was deducted from the deposit made and the 
difference, if any, was refunded. 

This placed every trench in charge of the city. If the trench 
was not kept in repair every one knew that the city itself was not 
doing its work. This system is still in force and no doubt is re- 
sponsible for the easy way in which we can control the street 
maintenance. 

Our system of patrol maintenance includes the use of a team 
which hauls a special wagon containing stone and sand with the 
necessary tools. Attached to the rear is a tar heating kettle. 
This wagon was especially constructed for this work, the run- 
ning gears being from a discarded hor*:e-drawn hook and ladder 
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fire wagon. The sand compartment holds 30 cubic feet and the 
stone compartment holds 25 cubic feet. The amount of mate- 
rial carried on the wagon will supply stone and sand enough for 
pouring two barrels of Tarvia X, which is heated in the kettle 
at the rear. The kettle has a warming rack which holds an extra 
barrel covered with a tight hood. The materials thus carried 
will supply material for the gang for one half day without re- 
turning to the store-house. 

The program outlined for this repair gang is to start at one 
end of town, patroling each street and patching all depressions, 
until the other end of town is reached, then they begin all over 
again. Only pavements of concrete, water bound and bitumi- 
nous macadam and surface treated gravel are repaired by this 
outfit. 

In repairing the depressions in these pavements, we first 
thoroughly clean all dirt and foreign matter from the depression 
with a shovel and wire broom, giving it a final sweeping with an 
old house broom. For the shallower holes or ruts, a little hot 
Tarvia X is poured over the surface, then a heavy coating of 
coarse sand is spread over the Tarvia while it is still hot. The 
deeper holes are filled to within % inch of the surface with }i 
inch clean stone chips, smoothed off and tamped. Then hot 
Tarvia X is poured over and around them. About one and one- 
half gallons of Tarvia X is used per square yard of patch. Coarse 
sand is spread over the patch to give it a final finish and make it 
possible for traffic to go upon it immediately. 

The larger cracks and depressions in concrete pavements 
are repaired in a similar manner to that described above for 
macadam and gravel pavements while the smaller cracks are re- 
paired by merely pouring them full of the hot Tarvia. 

A program is mapped out each year for the surface treating 
of various macadam and gravel streets in the city. A study of 
the condition of each city block is made by personal observation. 
A city map is then procured and the streets which inspection 
shows to be in greater need of a surface treatment are blocked 
oflf. Similar maps are kept each year showing in colors the 
various streets which have received surface treatments. By this 
method and record, the amounts of bituminous material per 
square yard are approximately determined and with the square 
yards in each city block known, this being kept in a card index, 
the total amount in gallons for each particular street is deter- 
mined and set down. Each year the city council appropriates 
a certain sum of money for the maintenance of these streets and 
the work contemplated is kept within the budget. In 1923 about 
250,000 square yards of pavement were surface treated. 

The surface treatment of macadam is very well known al- 
though we find that due care should be exercised in getting the 
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surface thoroughly cleaned, especially near the edge of the gut- 
ter where dirt is more liable to lodge and cake. We endeavor to 
use care in applying the amount of bituminous material that our 
experience has taught us is proper. Where, in our judgment, 
one-fifth of a gallon per square yard is sufficient, we endeavor to 
apply that amount and no more. We have found that it is better 
practice to apply thin coats instead of trying to build up a heavy 
mat which is liable to wave under traffic. 

The prime purpose of our surface treatments is not, as 
many imagine, to lay the dust, but to waterproof and seal the 
surface to prevent dust. 

We have, in the past, been able to select the streets which 
need surface treatments on their merits and not because some 
resident along the street thought it needed one. As long as this 
work is left to engineering experience and not political pressure 
it will function properly and economically, and no longer. 

After the bituminous material is applied a covering is im- 
mediately spread theron. We use both pea gravel and stone 
chips for covering. We find, however, that the stone chips rang- 
ing from J4 inch to y% inch with no dust, are inclined to hold 
their place a little more readily after traffic is turned onto the 
street. The flat sides of the stone present additional surface 
to adhere to the Tarvia. 

The surface treatment of gravel streets which have previ- 
ously been surface treated is similar in every respect to that of 
macadam. However the surface treatment of gravel pavements 
which have never been previously surface treated involves a 
few features which distinguish it from the other. For success- 
ful results with this type it has been our experience that the 
gravel surface must be firm and comparatively smooth prior to 
the application of the surface treatment. 

The preparation of the surface consists in repairing all de- 
pressions by filling the same with ^ inch clean stone chips 
tamped to about % inch below the street surface and sealing 
them with hot Tarvia X. If there is dust on the surface, it can 
be removed to the gutter with a rotary sweeper. Otherwise 
good results have been obtained by applying the bituminous ma- 
terial directly to the gravel. 

The Tarvia B is applied cold by means of a pressure distrib- 
utor. For the initial treatment, one-third to one-fourth gallon 
per square yard is used, with subsequent treatments of one-third 
to one-fourth gallons per square yard. Better results are ob- 
tained by not applying any covering material whatever on the 
initial treament. This allows the bituminous material to be ab- 
sorbed by the surfacing gravel to the extent that after traffic has 
ironed it out for a time, investigation shows that a crust has been 
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formed of a thickness of from }i to yi inch. Subsequent treat- 
ments are covered with a light sprinkling of either pea gravel or 
stone chips to the amount of about 5 pounds per square yard. 

It has been found that after traffic has used the treated gra- 
vel for some months, a few depressions may develop, due either 
to an excess of dust or a damp clayey spot on the surface at the 
time of application of the binder. These other places will require 
looking after. This work is taken care of by the maintenance 
patrol gang previously described. 

We have made it a point to keep the surface treated gravel 
streets in good repair. This makes the fifth year that we have 
experimented with Tarvia B on gravel streets and have secured 
from th*at experience a good idea of the maintenance required to 
keep them in repair. 

Our five years* experience with surface treated gravel has 
taught us to observe the following points: 

Never apply the bituminous material on a gravel surface 
which is damp or excessively dusty, as it will not incorporate 
itself with the pavement and will soon break out. 

Be sure to apply the treatment uniformly the full width of 
the street, otherwise it will ravel at the edges. 

Have the surface firm and smooth before applying the 
binder. 

Never apply the binder on any street which has not an ade- 
quate foundation, as the binder will not furnish that. 

Do not apply the binder on any gravel street unless the 
treatments will be kept up when they are needed. It has been 
found that yi gallon per square yard the first year with 34 gallon 
per square yard the second year will keep the surface in such 
shape that no treatments will be necessary for two years. This 
applies to a residence street only. To put one treatment on a 
gravel street and then leave it alone will make it worse than if 
no treatment had been applied. 
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THE RECONSTRUCTION OF STATE ROADS 
WITH BITUMINOUS SURFACES. 



By W. K. O^Neill, 
District Engineer, Indiana State Highway Commission. 



The reconstruction of some of our state highways with bi- 
tuminous surfaces has entailed the practical reconstruction of the 
road, including the rebuilding or lengthening of bridges and cul- 
verts, widening the roadbed and surface, the easing of curves 
and grades, and the re-surfacing with water-bound macadam 
preparatory to the application of a surface treatment, or a bitu- 
minous macadam surface. 

When we found that the road was wide enough to accommo- 
date traffic, that the bridges and culverts were in good condition 
and of sufficient width, that the foundation and surface were 
standing up under heavy loads at all seasons, and that there were 
no prohibitive grades; we repaired the depressions and irregu- 
larities by cold mix patches and paint patches and gave it a sur- 
face treatment. 

The enormous increase in traffic, and especially truck traffic, 
has placed upon the roads a burden so much greater than was 
contemplated when they were built, that the foundation is not of 
sufficient strength even where the surface is properly maintained. 
I have in mind one particular section of road in southern Indiana 
which had been for years a toll road. It serves a number of 
towns in a length of 40 miles which have no railroad or interur- 
ban facilities, and as a result all freight and passenger traffic is 
concentrated on this highway. It was well located and built, 
but in spite of maintenance had been slowly breaking down un- 
der the increased traffic. For one year we tried to maintain it as 
a macadam road by applying stone and dragging. We succeeded 
in bringing the surface back to where it was smooth and fast, 
but at a cost for maintenance of about $10CO.0O per mile per year. 

During 1920 we applied a first aid treatment to the founda- 
tion. We sledged large stone into the places where the road 
had completely failed and then applied smaller stone and 
dragged. When we began our construction in 1921 we were 
pretty well satisfied that the foundation was heavy enough. 

The work consisted of the construction of an 18 foot water- 
bound macadam surface which we intended to maintain as a 
surface treated type. It was done entirely by our own forces 
under the supervision of our local superintendent. The stone 
was crushed at a local plant two miles from the job and was 
hauled by truck. We specified No. 1 stone (3>^'' to 2>4'') for 
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the base course, and No. 2 stone (2>^" to 1J4") for the wearing 
course. 

Owing to the fact that we could find no suitable detour, this 
work was done under traffic. This multiplied our troubles and 
increased the expense, besides making it very difficult to obtain 
the smooth surface we desired. Our experience has shown that 
all traffic should be kept off the road when any water-bound con- 
struction is going on. It is almost impossible to avoid irregu- 
larities in the surface if traffic is allowed to rut the large stone 
after it has been rolled. Small depressions, say 18 to 24 inches 
long, are not so serious since they are not objectionable to the 
occupants of a car traveling at the average speed. However, the 
longer depressions from 6 to 10 feet, are very noticeable. Again 
the smaller depressions can be eliminated by paint patches and 
successive surface treatments, while the longer waves require 
a lot of careful patching to bring about a smooth surface. 

The length of time that must be allowed between the com- 
pletion of the wearing course and the first surface treatment de- 
pends upon a number of factors. If made of very hard, poor 
cementing stone, traffic will blow off the screenings in a much 
shorter time than if made from a comparatively soft stone of a 
high cementing value. Light, high speed traffic will suck the 
screenings from between the large stone more quickly than slow 
moving trucks. The work I have in mind was completed in 
October and was surface treated the following July. It was 
built of a hard stone of poor cementing value and as a result it 
was necessary to spread screenings on the surface during the 
fall and winter to prevent possible raveling of the surface. We 
have surface treated some water-bound patches a week after 
they were completed. 

A surface is ready for treatment when it has a pitted ap- 
pearance and the sharp angles of the stone are exposed. If you 
cannot bring about this condition by exposure to traffic, and 
sweeping and cleaning the surface, the treatment had better be 
omitted to avoid wasting money. In any case, no matter how 
long the surface has been exposed to traffiJc, it should be gone 
over with a mechanical sweeper, brooms and shovels to remove 
mud and other foreign material, especially along the edges of 
the metal. 

The first treatment was applied at the rate of 0.4 of a gallon 
per square yard in two courses of 0.2 gallon each. To avoid 
traffic interference as much as possible, one half the road surface 
was treated at a time. As the weather was very warm, no chips 
were spread on the first application in order to secure as com- 
plete an absorption of bitumen by the road surface as possible. 
The second application was covered with stone chips, size H" 
to 14" t at the rate of 12^/2 pounds per square yard. These chips 
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had been placed along the road in piles of about 54 cu. yard. each. 
The bituminous material, which met our specification for Tar 
T. M., was applied by means of a pressure distributor at a tem- 
perature of 140 degrees F. 

The next year this section of road was given another treat- 
ment at the rate of 0.3 gallon per square yard, put on in two 
applications. Since this was a second treatment, just enough 
chips were spread on the first appHcation to absorb the excess 
bitumen. A common fault with some surface treatments is a 
too liberal use of covering material. It is always possible to add 
chips when the surface begins to bleed; but it is impossible to 
take away the excess chips when the surface begins to lose its 
life and disintegrate. 

Last year we let a contract for the construction of eight 
miles of bituminous macadam construction. The mainteance 
forces undertook to rebuild the eight miles preparatory to the 
construction of the wearing course. This involved extending 
a number of small pipe and box culverts, the construction of two 
slab top culverts and some short retaining walls. In addition, 
the bridge department rebuilt three pony trusses whose length 
totaled 164 feet. The roadbed was widened to 28 feet, some of 
it through heavy rock cuts and on high fills. Sharp curves were 
eased oflF, and irregularities in grades were eliminated by build- 
ing up the low spots with heavy stone and replacing the bumps 
at changes of grade with vertical curves. 

The first three miles of this road is hill-side location, with 
a maximum grade of 6j^% and an average of 5%. In order to 
eliminate the excessive crown, (which was good practice on 
heavy grades with the old type of road), and to obtain the nec- 
essary super-elevation on curves; the roadbed and base course 
were built up as much as 3 feet at some points. 

Our specifications for the wearing course called for a width 
of 18 feet and a crown of 2" except on curves and grades. As 
we approached curves we raised the outside half of the roadway 
until the necessary super-elevation was obtained. Beginning 
with a 2'' crown on flat or very light grades, we decreased the 
crown in proportion to the increase in the rate of grade until on 
a 5% grade we had a flat section. 

The work was carried on under the supervision of our local 
Superintendent and an Engineer-Inspector. They directed the 
work of a grade foreman, a bridge foreman, a foreman in charge 
of the construction of the base course, and a truck foreman re- 
sponsible for the delivery of stone to the contractor by our 
own trucks. In addition to the above, we had a light grading 
crew that built the earth shoulders. 
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Our equipment for heavy grading consisted of a Holt 10 ton 
caterpillar tractor, an Adams 12 foot Road King grader, slip and 
wheel scrapers, road plows and necessary small tools. We also 
organized a rock drilling gang and rented a portable compressor 
and jack hammer. The stone blasted out of rock cuts was placed 
under the base course where it was necessary to raise the eleva- 
tion of the road, or where a change of location made a heavy 
foundation necessary. 

Our equipment for building the base course consisted of two 
Acme gasoline rollers, two 600-gallon water tanks mounted on 
Quad trucks, a road harrow, a small grader, form boards, stone 
rakes and other small tools. One piece of equipment, which we 
insisted on the foreman using, was an 18 foot combination 
straight edge and template. We were trying to get a smooth 
surface, true and uniform as to grade and crown, and tried par- 
ticularly to avoid a wavy surface. 

We let contracts for stone to be crushed at two plants lo- 
cated along the road. The work of building up the base course 
was expected to take between 9,000 and 10,000 cu. yds., in addi- 
tion to the amount called for in the wearing course. We used 
from 14 to 18 trucks hauling stone to our forces and to the con- 
tractor. These trucks were under the supervision of a truck 
foreman, whose duty it was to give each truck a daily inspection, 
and to dispatch trucks from both plants to deliver stone as it 
was needed at the various points. 

The base course was built of No. 1 stone (3^2'' to 2>4")t No. 
2 stone (2>^'' to 1>^'')» ^^d screenings. We used the No. 1 size 
along the edges where the high crown on the old road made a 
heavy patch necessary. On the lighter patches and in the center 
of the road the smaller stone was used. 

Our specifications for stone used in the top course called for 
the No. 1 size for coarse aggregate and size No. 3 (IJ2" to ;4") 
and size No. 4 (^" to^^4" ) for the coarse and fine covering re- 
spectively. The large stone was spread and raked to a depth of 4 
inches for the full 18 feet, requiring 1,200 cu. yds. per mile. The 
covering material was hauled and dumped alongside the road in 
one yard piles ahead of the large stone, so that our trucks were 
kept oflf the large aggregate after it was spread. The keystone 
was delivered at the rate of 160 cu. yds. and the fine covering at 
140 cu. yds. per mile. 

To avoid waves and ruts in the surface, the contractor was 
required to harrow the large stone thoroughly before rolling. 
This also served to bring the larger stone to the surface. Earth 
shoulders had been built to a height of 4" above the top of the 
surface and the rolling was commenced with the outside drive 
wheel covering this shoulder and the metal, gradually working 



Digitized by VjOOQIC 



TENTH ANNUAL ROAD SCHOOL 19 

toward the center of the road. Any depressions which developed 
during the rolling were eliminated by loosening the stone and 
adding a small amount of new metal. 

The amount of rolling needed to get the best results depends 
on the size and hardness of the stone. No specific rule can be 
given. Observation and experience are your only guide. How- 
ever the rolling should be stopped before the voids are closed 
enough to prevent free and unifprm penetration of the bitumi- 
nous material. 

The contractor used three 10 ton rollers. One roller was 
used to compact the stone ahead of the distributors. When a 
sufficient length for a days run for the distributors had been 
shaped up, it was brought back to assist the other two rollers 
which were kept continually rolling the treated top. 

The bituminous material used on this work met our asphalt 
specification A-2. We specified an application of 2)4 gallons 
per square yard ; 2 gallons on the first application and ^ gallon 
on the second. The bituminous material was applied by means 
of a self propelled pressure distributor at a temperature of 340 
degrees F. One half of the 18 foot width was treated at a time. 

After the first application, just enough covering was applied 
to prevent the roller wheels from picking up the bitumen. The 
surface was then rolled until the voids were completely closed 
and the covering material incorporated with the bitumen. In 
extremely warm weather it may be well to allow the bituminous 
material to harden slightly before rolling. When the weather 
is cooler the rolling must be begun immediately to ensure the 
closing of all voids, and obtain a solid compact surface. 

The remaining voids in the surface that were not closed by 
the rolling were then filled by brushing chips over the surface 
and going over them once with the roller. 

The seal coat ()4 gal. per sq. yd.) was applied as soon as 
this rolling was finished. Care was taken to see that alf loose 
stone, leaves and other foreign matter were cleaned oflF the sur- 
face. After this coat was applied the surface was covered with 
No. 4 chips at the rate of one cubic yard to each 75 square yards 
of surface and thoroughly rolled. 
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BITUMINOUS ROAD MAINTENANCE. 



By Wm. G. ToNKEL, 
Allen County Highway Superintendent. 



Bituminous maintenance and construction meant nothing 
to me a few years back, for I was not sold on the idea of a bitu- 
minous macadam road and could not speak favorably of it. How- 
ever, after inspecting roads in the northern part of Ohio, noting 
the condition and abpndance of this type of construction and 
after giving it a great deal of thought and study I came to the 
following conclusions : 

1st. That a bituminous type of road was a success. 

2nd. That in order to be a success the initial construction 
should be done by capable, experienced contractors. 

3rd. That in order to insure the proper smoothness and 
binding qualities a carpet coating should be put on the next year 
after construction. 

4th. That the cost including maintenance of this type of 
highway was considerably less than I had thought. 

To fully explain these conclusions I will say that bituminous 
roads are a success, for in this tour we traveled miles and miles 
without getting off this type of road construction, each road be- 
ing level and smooth. Evidence of its success was that more 
construction of this type was being petitioned in that locality, 
for surely nothing is a success until it has public opinion behind 
it. When petitions are circulated for a road it means that pub- 
lic opinion is in favor of its construction and its worth. 

It is necessary the next year after the job is completed to 
go along with a pressure tank and put on a coat of tar or asphalt 
and allow this to settle, say two or three hours, and then finally 
cover up lightly with stone chips or pea gravel. 

One of the most important features of maintenance on any 
type of road is that of side-ditching and drainage. The side 
ditches on every road should be deep enough that at no time 
will the level of the water reach the bottom of the metal on the 
road. 

Whenever holes appear on the road they should be carefully 
swept out, all the loose particles removed and the holes patched 
prior to the carpet coating. The traffic will then immediately 
iron out these patches and when the carpet coating is put on 
each particle of stone will be held firmly in place and become 
part of the compacted metal. None of this repair should be done 
when the road is wet for water does not mix well and serv es as 
a resistance to the binding qualities of either tar or asphalt. 
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The shoulders and berms should always be compact and 
conform to the crown and grade of the road so as to take the 
surface water off the highway as quickly as possible. They 
should be compact enough to serve as a curb to the edge of the 
pavement. A great deal of trouble has been experienced in what 
is known as ravelling on the sides of the highway. This can be 
eliminated by putting down a heavy base on both sides of the 
road and rolling into the berm coarse aggregate of stone. 

Not every superintendent can qualify himself as a road 
superintendent by being just a democrat or republican. In or- 
der to improve himself for this position he should school himself 
to the requirments of his work, because I honestly believe that 
sooner or later road superintendents will be licensed and called 
upon to pass a regular examination. In maintaining county roads, 
a superintendent has in his power perhaps the greatest invest- 
ment in his county. I don't believe you can show me where 
any one single institution in your county has the capitalization 
that the combined capitalization of the county roads would be. 
Therefore, why shouldn't the county demand even greater quali- 
fications from its manager, i. e. the superintendent, than the pri- 
vate institution would demand of its general manager or general 
superintendent? 



CONSTRUCTION OF BITUMINOUS MACADAM 
ROADS AND STREETS. 



By Orin M. Darling, 
Engineer, Allen County. 



There are five distinct steps in the construction of the bitu- 
minous macadam surface, which substantially are as follows : 

1st. A layer of coarse aggregate is spread upon the founda- 
tion. This coarse aggregate may consist of broken stone, mine 
tailings or slag, but preferably broken stone should be used. The 
stone must be clean and free from dust or an excess of flat or 
elongated pieces. It should have a percent of wear of not less 
than six (6). When tested by means of laboratory screens, it 
should be uniformly graded between the following limits: pass- 
ing two and one-half (2^) inch screen 95 to 1CX)%, passing one 
and one-quarter (134) inch screen to 15%. This layer of 
crushed stone should have a thickness of 2>4 inches after rolling. 

2nd. After the coarse aggregate has been spread to the re- 
quired thickness, it should be dry rolled with a three wheeled 
roller weighing not less than 10 tons. The rolling should start 
longitudinally at the sides and proceed towards the center of the 
pavement, overlapping on successive trips by at least one-half 
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the width of the roller. The rolling should be continued until 
the compacted coarse aggregate possesses a firm surface true to 
the specified grades and cross-sections and presents a texture 
which will allow uniform penetration of the bituminous material. 
If any irregularities appear during or after the rolling, they must 
be remedied by loosening the surface and removing or adding 
coarse aggregate, after which the area disturbed including sur- 
rounding surface must be rolled until satisfactorily compacted to 
a uniform surface. Care should be taken to prevent the earth 
berms from being mixed into this stone along the edge of the 
pavement and should earth or dirt get into this course before the 
bituminous material has been applied, the dirty stone should im- 
mediately be removed and replaced as described before. As 
much mechanical bond should be given this course as is possible 
by rolling without grinding up the stone. 

3rd. The first application of bituminous material should 
then be made by means of a motor pressure distributor. This 
application may be made with hand pouring pots but more satis- 
lactoiy results can be obtained by a pressure distributor. The 
air temperature in the shade should not be less than 50 deg. F. 
The stone should be absolutely dry for its entire depth. The 
nozzels on the spraying apparatus should be perfectly clean. 
The bituminous material, if a tar product, should be heated to 
approximately 250 deg. F. ; if an asphalt, to approximately 350 
deg. F. The heated bituminous material should then be evenly 
applied at the rate of one and one-half (1>4) to one and three- 
quarter (1^) gallons per square yard and at a uniform pressure 
of about 60 pounds per square inch. The contractor should pro- 
vide all necessary facilities for determining the temperature of 
the bituminous material, both during the heating period and the 
period of application. A stationary thermometer and a pressure 
gauge should be located so as to be easily observed by the in- 
spector while walking beside the distributor. 

The pressure distributor should be so designed that the 
bituminous material will be applied uniformly to a normal width 
of not less than 6 feet, with provision for applying lesser widths 
when necessary. To prevent lapping at the end junction of two 
application?, the distributor should be carefully watched and shut 
oflf the moment the application begins to thin just before the 
tank becomes empty. Then before starting to apply a new load, 
a heavy tar paper should be spread over the newly treated por- 
tion of the road for a short distance back from the point where 
it is intended to start applying the new load so that the distrib- 
utor w^ill be going at full speed when it arrives at this point. 

As soon as the bituminous material has been applied, the 
inspector should carefully inspect every foot of the surface to 
locate portions that have been missed, "fat spots/' or points of 
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improper penetration. The missed portions should be carefully 
covered with a pouring can. If fat spots or points of improper 
penetration appear, they should be picked loose, new stone ap- 
plied, rerolled and treated again. 

4th. The next step is the filling of the surface voids with 
intermediate aggregate. This should be applied and rolled in 
while the bituminous material is still warm. The intermediate 
aggregate or key stone should possess the same qualities as spec- 
ified hertofore for the coarse aggregate and when tested by 
means of laboratory screens, it should be uniformly graded be- 
tween the following limits: passing one and one-quarter {\]/\) 
inch screen, 95 to 100%; passing a one (1) inch screen, 
23 to 75%; passing a three-quarter (^) inch screen, 
to 15%. This aggregate should be perfectly dry when 
applied and should be evenly broadcast over the treated surtace 
in such quantities as to fill the surface voids and just cover the 
treated surface enough to permit rolling without **picking up." 
The surface should be thoroughly rolled and compacted. After 
the rolling is finished all loose, surplus material, which remains 
on the surface should be broomed off and the final or seal coat 
applied. 

5th. The fifth step is the application of the seal coat, which 
is put on for the purpose of completely sealing the surface of the 
road. This second application of bituminous material is applied 
under the same conditions and in the same manner as the first 
amplication, except that the rate of application should be one-half 
iy2^ gallon to each square yard of surface. While the bitu- 
minous material is still hot, dry fine aggregate should be broad- 
cast over the surface and rolled until it is thoroughly bonded to 
the road. Extra care should be taken in applying the fine ag- 
gregate to prevent it from bunching under the roller. Only 
enough to take up all excess bituminous material should be 
applied. 

The fine aggregate for this course should meet the same 
requirements as set out heretofore for the other aggregate and 
when tested by means of laboratory screens should be uniformly 
graded between these limits: passing a three-quarter (J4) it^ch 
screen, 95 to 100% ; passing a one-half (^) inch screen, 25 to 
75%; passing a one-quarter (J4) inch screen, to 15%. 

The rolling of this course should be complete and thorough 
in every respect. Final rolling should be, if necessary, continued 
from day to day, the rolling iDeing done during the period of the 
day when the temperature is highest, until the finished surface is 
uniform, free from ruts or irregularities in contour, and true to 
the established crown and grade. 
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SPECIFICATIONS AND TESTS FOR 
BITUMINOUS ROAD MATERIALS. 



Discussion by Prof. R. B. Crepps^ 

In Charge of Testing Materials Laboratory, 

Purdue University. 



The tests and specifications for bituminous materials for 
various types of pavements are becoming standardized through 
efforts of: The American Society of Testing Materials, The 
American Society of Municipal Improvements, The Asphalt 
Association and various public service bodies. The number of 
tests are being reduced to a practical working basis and while 
certain state highway commissions still maintain varied excep- 
tions to the proposed standard tests, most of these differences 
will soon be harmonized. 

The tests commonly specified are: penetration, flash point, 
loss on heating, penetration of residue, ductility and percentage 
of bitumen soluble in carbon tetrachloride. 

The penetration test is most important for consistency of 
asphalt in specifying the grade desired and controlling the man- 
ufacture. 

A much neded simplification as regards asphalt, (effective 
Jan. 1, 1924), has been brought about through the efforts of Mr. 
Herbert Hoover, Secretary of Commerce, and the various or- 
ganizations interested in its preparation and use. For paving 
purposes the penetration limits are reduced from 88 to 9 as fol- 
lows : 

Penetration Limits 

Sheet Asphalt 25- 30 30-40 40- 50 

Asphaltic Concrete 50- 60 60- 70 85-100 

Asphaltic Macadam and 

Surface Treatments ....100-120 120-150 150-200 

Joint fillers for various types of construction were reduced 
from 14 to 4 as follows : 

Penetration Limits 

For brick 35-50 

For admixtures of sand 50-60 60-70 85-100 

The mid point is desired in each case with an allowable 
tolerance to either limit. 

It is very important that correct sampling of materials be 
adhered to. Samples for testing should represent an average of 
the bulk. They should not be contaminated with dirt and should 
be properly marked for identification. A sample for laboratory 
tests should contain at least one quart of the bituminous ma- 
terial. 
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CONSTRUCTION OF BRICK ROADS. 



By E. C. MiNTON, 
Engineer, Tippecanoe County. 

A desirable road is one that will remain in constant condi- 
tion for satisfactory travel for a great many years; a road that 
will not need constant repairs, which can be really repaired and 
not patched; one that will be dustless, will not become wavy, 
and will not crack, yet flexlible enough to adjust itself to settle- 
ment of the subgrade and remain waterproof and practically 
skidproof. 

Brick with plastic filler seems to fulfill these requirements. 
Not the brick road that is carelessly or ignorantly built ; not the 
brick road that is built according to the whim of some inex- 
perienced person, but the brick road that can be and is built ac- 
cording to the most improved methods affording a quality and 
service in keeping with the price paid for it. 

About five years ago a committee was appointed by the 
Federal Highway Council to investigate and study natural in- 
fluences involved in the subgrade and its relation to road surfac- 
ing and traffic. One of the principal discoveries resulting from 
the activities of this committee discloses the fact that subgrades 
of most soils throughout the country are subject to expansion 
and contraction due to the influence of water. The forces of 
expansion in the case of a saturated subgrade are of extraordi- 
nary power, often resulting in the destruction of rigid surfaces. 
As soon as this fact was established it became apparent that the 
practice of constructing a rigid slab was entirely wrong and so 
the design for the brick pavement was changed in order to coun- 
teract the destructive agencies discovered. 

This type of brick wearing surface for roads and pavements 
is known as the vertical fiber brick pavement. The name is 
taken from the method in which the brick are laid in the pave- 
ment with the fiber or grain perpendicular to the road surface. 
These brick are wire-cut and the wire-cut surface is placed up in 
the pavement affording an excellent surface for the coating of 
asphalt. 

In the construction of the vertical fiber brick pavement the 
old gravel or macadam road, after proper preparation, makes a 
good base. This kind of a base is not rigid and avoids the im- 
pairment of the pavement by contraction and expansion forces. 

When it is necessary to remove practically all the metal on 
a roadway, in order to place the new surface to grade, it is cus- 
tomary to use cement concrete for base material. When such a 
base is to be placed for the fiber brick construction, engineers 
will find that a five (5) inch base is ample. The cushion course 
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and asphalt filled brick aflford ideal protection to the base from 
traffic impact. 

Over-designing is as poor engineering as under-designing. 
The taxpayer is beginning to feel the cost of local improvements 
more than ever, and it is, therefore, necessary that every care be 
given to the design of the road to reduce the cost to as low a 
figure as is consistent with safety. Many miles of roads and 
many of the heavy traffic streets throughout the states west of 
the Mississippi River are paved with vertical fiber brick surfaces 
on four inch concrete bases and are giving satisfactory service. 

Upon the base course a cushion is spread by means of a 
template. This cushion is of sand or sand-mastic, and should 
never be of a greater thickness than one (1) inch. This should 
be rolled with a small hand roller in order to obtain a uniformly 
compacted cushion. The mastic cushion consists of seven (7) 
to ten (10) per cent of refined tar or asphalt and sand. In re- 
surfacing, where the paving block of greater depth would raise 
the surface of the finished pavement above the established grade, 
it is customary to use the smaller fiber block, two and one-half 
(2^^) inches in thickness. These blocks, when embedded in the 
elastic cushion, will withstand the heaviest impact of traffic. After 
the cushion course is prepared, the vertical fiber pavers are laid 
in the usual manner and then rolled with a self-propelled roller 
weighing not over five (5) tons until the surface is smooth. 

Immediately after the rolling the filler should be applied. 
It is very important that the filler be of the highest quality of 
special refined asphalt so that it will adhere firmly to the brick 
and will not become brittle under freezing temperature or be- 
come too soft or bleed in the summer. The filler should be 
poured on the pavement at a temperature of not less than three 
hundred (300) degrees Fahrenheit and squeeged in to the in- 
terstices, care being taken to completely fill the joints so that 
after cooling there will not be a settlement of over a quarter of 
an inch. No more asphalt should be left on the top of the brick 
than is necessary to completely cover the brick. 

As soon as the asphalt is poured and cooled, so that there 
will be no more settling of the asphalt in the joints, a coating of 
fine sand should be spread over the pavement to a depth of about 
one-half (54) inch and rolled into the asphalt. A little excess 
sand should be left on top of the pavement for about ten days 
for the traffic to work in. As soon as the sand coating is rolled, 
the pavement may be opened to traffic. Compliance with these 
details will secure an ideal pavement. 

There are many kinds of surfaces that can be constructed at 
a lower cost, but a good road at $40,000 a mile is far cheaper 
than a poor one at $20,(X)0. The lower cost roads built a few 
years ago in many places are gone or requiring expensive repairs. 
\Ve must build roads to hold up under traffic. 
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BRICK ROAD MAINTENANCE. 



By Professor C. C. Albright, 
In Charge of Highway Engineering, Purdue University. 



In presenting a brief discussion of **^Iaintenance of Brick 
Pavements," I consider it desirable to first note the causes of 
failure. This may result from abrasion or wear of the surface 
due to the action of traffiic ; or it may occur from breaks or set- 
tlements because of inferior materials, poor foundation, im- 
proper design, or faulty workmanship. 

Some of the very early pavements laid in this country were 
constructed of brick which were too soft to withstand the severe 
action of steel tires and metal shoes and as a result the surface 
eventually became so rough and disagreeable to traffic that, in 
many instances, it was torn up and a new one built. Pavements 
constructed in the last twenty-five years seldom require any ex- 
tensive renewal or repair because of abrasion or inferior mate- 
rial, however, they do require maintenance because of founda- 
tion, design and workmanship troubles. 

Defects are nearly always small at first but may rapidly in- 
crease in size if neglected. As soon as a fault appears the cause 
should be found and the proper remedy applied. Individual brick 
which have failed should be removed and replaced with good 
ones. Unless the failure is observed when it first occurs and the 
remedy applied, the adjacent surface will be affected requiring 
more extensive repairs. Therefore, in making a patch, the ad- 
jacent surface should be carefully examined for slightly worn 
brick. These should be turned over and relaid with the new 
ones, thus presenting a new and smooth surface to traffic. 

Expansion joints should be kept full with the bituminous 
materials at all times so that the adjacent edges of the brick will 
be protected. They will require attention prior to cold weather 
as some of the expansion material will be squeezed out under hot 
summer conditions. An expansion joint is a point of weakness 
in the pavement and should be kept sealed to prevent the en- 
trance of water to the base. 

Where a sand cushion has been used, a settlement of the sur- 
face sometimes occurs. This may result from too little or no 
rolling of the sand, the sand flowing into a break in the base, or 
from water displacing the sand. The remedy consists in remov- 
ing the brick over the depressed area, repairing the base if nec- 
essary, renewing the cushion and relaying the surface. 

City pavements frequently suffer as a result of cuts made for 
gas, water or other public service connections. In making such 
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a cut the brick should be carefully toothed out over a width 
greater than the desired width of cut. The base should then be 
cut through with vertical edges over a width also more than the 
earth trench. The trench is next made, the service connection 
installed and the trench back filled. In filling the trench the 
earth should be dampened if necessary and carefully tamped in 
layers not to exceed 6 inches deep. The base and top are then 
restored in order. The shoulders of subgrade and foundation 
respectively aflFord a safety factor against settlement of the 
base and top. 

On old pavements where the filler has been partially re- 
moved by traffic and weather action, it may be restored and the 
pavement protected by an application of asphalt or tar. A low 
penetration material, either cut back or heated, should be used. 
It should be covered within a few minutes by a thin coating of 
clean, coarse sand. Traffic should be kept from the street for a 
few hours. If this is not possible one half of the street may be 
treated at one operation and the remainder completed next day. 

Old surfaces that are badly cobbled and rough may be re- 
surfaced with sheet asphalt, bituminous concrete, penetration 
macadam or rock asphalt. The surface should first be carefully 
cleaned by sweeping or flushing or both. Low spots may be 
filled to an approximate level with the general surface of the 
pavement with portland cement concrete or cold patch material. 
If cold patch material is used it should be tamped or rolled in 
place and carefully proportioned to avoid a too rich mixture. 
The entire surface of the street is then given a paint coat of tar 
or asphalt depending on the material to be used in the bituminous 
top. The binder qr top may be applied when the paint coat 
no longer leaves a stain when the finger is pressed aganst it. 
The surfacing material should not be less than one inch in thick- 
ness over the high points. Two inches will be better if sheet, emul- 
sified or rock asphalt is used, while a penetration top should be 
two and one-half to three inches in depth. 

In closing, I may say that the fundamentals of economical 
maintenance are constant vigilance and immediate correction or 
repair of all faults appearing in the pavement. 
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CONSTRUCTION AND MAINTENANCE OF 
SMALL BRIDGES AND CULVERTS. 



By W. J. Titus, 
Bridge Engineer, Indiana State Highway Commission. 



Section No. 16 of the Indiana State Highway Commission 
law^ states that **all drains, culverts and bridges shall be consid- 
ered as a part of a State highway.'* By including this section in 
its statutes, Indiana has taken a step forward in the effort to 
secure 100% efficient highways. In some states, the building and 
repair of bridges have not been the duty of the State Highway 
Commission until it is proposed to hard-surface the roads on 
which they are located, while in some other states, the bridges 
are not at any time under supervision of the State. 

Most states are realizing the folly of a haphazard method of 
building and maintaining their bridges, especially those on the 
State highway systems, as it is evident that it is a great waste 
to spend huge sums on the highways and allow the bridges to 
shift for themselves. No highway is stronger than its weakest 
bridge. A secondary highway will carry an occasional heavy 
truck load without serious damage to the roadway surface, but a 
single heavy truck load may totally destroy a weak bridge, with 
great financial loss and sometimes loss of life. 

Because they are the most permanent feature of modern 
highway construction with the possible exception of location and 
grade work, small bridges and culverts should be built for 
permanence and to withstand heavy truck usage of modern over- 
land transportation. Bridges and culverts should be designed 
to stand 20 ton traffic because the truck business is general in 
Indiana, and for the second reason that many important county 
roads are designed later to be added to the state road system. 
Bridges and culverts properly constructed on country roads will 
not have to be strengthened, widened or rebuilt to handle the 
augmented traffic of state roads when they become a part of the 
state system, for they will be of identical utility of state built 
structures. 

One of the big problems of state road construction is the 
thousands of small and weakly constructed bridges that are 
hazardous to increased traffic. ^Iany were designed when roads 
were single track affairs, again many have foundations too weak 
for support of modern traffic. Under no condition should new 
bridges be less than 18 to 20 feet wide, and able to support 20 
ton traffic. If this plan is adopted it means a great saving to 
taxpayers, for when roads with these modern bridges become a 
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part of the state system the bridge problem is solved. And after 
all the people pay for the improvement whether the state, county 
or township builds it. Many counties now co-operate with the 
commission and ask approval of their bridge plans when build- 
ing on roads it is reasonable to expect will some day be a part of 
the state system. 

Foundations are most important in bridge construction. The 
difficulty of today is that many smaller county bridges have 
foundations resting on sand or on stream beds. When there is a 
question of doubt foundations should always be on piling. The 
day of the tread board or "half sole'' floor on bridges is past. 
Because motorized traffic can not keep on this track and is 
shunted to either side, the side walls of many bridges are de- 
stroyed. In building or repairing bridge floors, make the surface 
uniform. 

Rigid inspection should be enforced when bridges go up. 
With few exceptions contractors would rather build properly 
than improperly, but the mistake of weak bridges, especially 
foundations, is largely due to faulty engineering. Often 35 to 40 
percent of the bridge cost is beneath the water, so should be of 
the best construction. 

Abutments for steel bridges have, during the past two 
years, been designed so as to aiford the easiest possible access 
to the steel castings or shoes which support the trusses. This 
permits careful driving of the rivets in the ends of the trusses ; 
the accurate setting of masonry plates, castings and anchor bolts 
and does not leave a closed-in space around the ends of trusses 
where dirt, leaves and other debris are sure to collect and retain 
moisture that soon induces rust to the extent of seriously reduc- 
ing the strength of the steel trusses. With this design of abut- 
ment and bridge seat, the truss shoes and end posts are easily 
kept clean and properly painted. Our maintenance patrol forces 
are instructed to be on the look-out for danger from this source 
and regular inspections are made each spring and fall. 

Our old steel bridges were mostly built more than twenty 
years ago and were designed for very light loads, as compared 
to the modern heavy truck loads. Where these old bridges show, 
upon investigation and analysis, that they will have a probable 
life of ten or fifteen years, it has been our policy to repair the 
steel work and to replace the floors with new ones of creosoted 
wood blocks, supported upon heavy creosoted planking. Floors 
of this type, if carefully treated with pure creosote oil, make a 
very satisfactory permanent floor without adding much dead 
weight to be supported by the old steel trusses and floor systems. 
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CONSTRUCTION OF CONCRETE ROADS. 



By C. C. Mason, 
Asst. Engineer, Marion County. 



Our specifications for 1923 and 1924 will not permit piling 
material on the sub-grade. This leaves it up to the contractor to 
use a central proportioning plant at the railroad switch, which is 
the ideal method, or to stock pile at convenient locations and use 
proper measuring devices to insure the correct amount of ag- 
gregates for each batch. From the engineer's standpoint, the use 
of charging bins with a measuring hopper at the bottom and the 
transporting of the aggregates in light trucks to the mixer on 
the sub-grade and placing the cement from stock pile directly 
into the mixer skip, is the best method. It gives the inspector 
an opportunity to check his cement factor and watch the mix- 
ing, placing and finishing without leaving the mixer. With a 
uniform aggregate, the measuring hoppers will need very slight 
attention and adjustment. 

When a central mixing plant is used, it should be so de- 
signed with measuring boxes or hoppers to insure the correct 
amount of aggregate and cement for each batch and will require 
an inspector to watch it. It is not desirable to have a lapse of 
time of more than 30 minutes between mixing and placing. The 
mixed concrete is generally hauled in Ford trucks equipped with 
30 cubic feet dump beds and requires two to four men to unload 
the concrete from the truck. This method has been used on one 
of our jobs, but requires a water line for curing unless the cal- 
cium-chloride method is used. 

Steel forms should be used exclusively and should be of a 
height equal to the thickness of the pavement. They should 
have a bearing surface on the sub-grade of not less than 48 
square inches per lineal foot of form and weigh not less than 8 
or 9 pounds per lineal foot. The forms should be well staked 
at intervals not exceeding 5 feet and should be set in an abso- 
lutely straight line. It is necessary for the contractor to provide 
sufficient forms for a day and a half's run in order that no form 
will be removed for at least twelve hours after placing. Forms 
should be set at all times at least 300 feet ahead of the mixer so 
the sub-grade can receive its final preparation without delaying 
the mixer. 

The Mix. 

On one course roads both the State Highway Commission 
and Marion County are using 1-2-3 mix. The State specifies 
a cement factor of 1.7 barrels of cement per cubic yard of con- 
crete, whereas Marion County specifies 1.75 barrels for a stone 
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aggregate, and 1.67 barrels for gravel aggregate. For the pur- 
pose of checking the amount of cement used, it is customary to 
reduce this cement factor from barrels per cubic yard to sacks 
per square yard or per lineal foot of pavement. It is also neces- 
sary for the inspector to check the cement at intervals not ex- 
ceeding a half a day's run and when starting a job to check the 
cement every 10 to 15 feet until the measuring boxes are adjusted 
to give the proper proportions as required by specifications. 

It is necessary to use measuring hoppers or boxes that can 
be adjusted to secure the correct amount of aggregate necessary 
to meet the specifications. A measuring device attached to the 
bottom of overhead bins is the ideal method. Where Ford trucks 
are used, the method of nailing strips or painting lines on the 
truck body to insure the correct amount of aggregate, will give 
good results but requires the striking off of each truck load first 
for the gravel and then for the sand. There is always a tendency 
to neglect the striking oflF of the truck loads on account of the 
time and labor involved especially when the contractor is push- 
ing the job. Unless each truck is struck oflF, there will be a lack 
of uniformity in each successive batch, some containing a little 
more aggregate, which is generally the case, and some a little 
less. While the cement may check at the end of a day's run, 
some spots will have more cement than others. The road is no 
better than the weakest spot. Uniformity of each batch of con- 
crete is absolutely essential to secure a good, lasting pavement, 
and too much care can not be exercised by engineer, inspector 
and contractor to secure these results. 

Concrete should be mixed in a batch mixer for a period of 
not less than sixty seconds after all materials are in the drum, 
the mixer being operated at the number of revolutions per min- 
ute recommended by its manufacturer. The mixer should be 
equipped with a water measuring device to insure a uniform con- 
sistency in every batch and the amount of water used should be 
the least amount that will produce a workable consistency as 
every pint of water beyond this amount reduces the strength 
of the concrete. The mixer should be equipped with a batch 
meter to register the number of batches poured. For a mixer 
operating on the sub-grade, the discharging device should be of 
the boom and bucket type. The consistency should be such as 
to show a settlement of not over two inches in the slump test. 

The concrete should be placed only on a moist sub-grade 
and should be spread the full depth and width of the pavement 
by shoveling. The use of rakes should not be permitted. Any 
manhole tops, railway tracks or other structures should be 
brought to finished grade before the concrete is placed around 
them. Concrete should not be placed on a frozen sub-grade. 
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Finishing Concrete Surface. 

After placing, the concrete should be struck off, tamped and 
finished by a finishing machine, so designed as to move either 
backward or forward and at such speed as to thoroughly com- 
pact the concrete and eliminate all voids. The machine should 
go over the concrete a sufficient number of times and at such in- 
tervals as will give the desired results. The strike board should 
cut the concrete at least }i inch high to allow for tamping and 
must conform to the required cross-section of the pavement. 
Forms and wheels of the finishing machine should be kept clean 
and free from dirt at all times. 

On curves, widened portions of the pavement or in such 
other cases as the engineer may direct, hand tamping and finish- 
ing should be substituted for the mechanical. 

The concrete should be struck oflF by means of an approved 
template and should be thoroughly compacted with a hand 
tamper, meeting the approval of the engineer. Immediately af- 
ter the concrete has been tamped, it should be rolled with an 
approved metal hand roller, having a smooth even surface ap- 
proximately 6 feet in length, 12 inches in diameter and weighing 
not more than 1 pound per inch of length. The roller should be 
used just as soon as possible without displacing the concrete. In 
warm weather, especially with rock aggregate, if the concrete has 
not been mixed too wet, the roller may be used immediately. In 
cool weather, it may be necessary to delay the first use of the 
roller for 30 or 40 minutes. If the pavement is not over 20 feet 
wide, the roller may be operated from one side of the road to the 
other, by a long handle. If the pavement is much wider than 
20 feet, it will be found more convenient to attach a rope to the 
roller and pull it from one side of the pavement to the other, 
discarding the handle entirely. In this way, it is possible to roll 
with greatest facility any width of pavement. The roller should 
always be moved transversely across the road at a small angle 
so that it will move lengthwise of the road about 2 feet each trip 
across. After the first rolling, the same area should be gone 
over again in about 15 or 20 minutes. The concrete should re- 
ceive successive rollings at intervals of 15 or 20 minutes until 
little or no free water is squeezed out. This usually requires 
not less than 3 rollings, depending upon the amount of water 
with which the concrete has been mixed, and also on the temper- 
ature. The less the amount of water and the warmer the 
weather, the fewer the number of rollings required. 

After the rolling has been completed, the pavement should 
be finished by two applications of a belt made of canvas or rub- 
ber belting not less than 6 inches wide and not less than 2 feet 



Digitized by VjOOQIC 



34 PURDUE ENGINEERING EXTENSION SERVICE 

longer than the width of the pavement. The belt should be ap- 
plied with a combined crosswise and longitudinal motion. For 
the first application, vigorous strokes at least 12 inches long, 
should be used and the longitudinal movement of the belt along 
the pavement should be very slight. The second application of 
the belt should be immediately after the water glaze or sheea 
disappears, and the stroke of the belt should be not more than 4 
inches and the longitudinal movement should be much greater 
than for the first belting. 

The edges of the concrete pavement should be rounded with 
an approved edging tool, having a radius of not more than one 
inch. The edges at expansion joints should be rounded with a 
tool having a radius of not more than }i of an inch. 

The finished surface of the pavement should be true and 
even. The contractor should be required to test the surface 
with a 10 foot straight-edge placed on the wet concrete parallel 
with the center line of the pavement. This straight edge should 
be applied to the center line and quarter points, and must touch 
the concrete at all points. Any high places should be cut down 
and any low places filled up until the finished pavement has a 
true and uniform surface. In finishing the pavement, this 
straight-edge should be so placed as to lap the finished surface 
at least 3 feet. Special care should be used at each expansion 
joint to insure a smooth surface on both sides of the joint. The 
straight-edge should be centered on such joints. 

Too much emphasis cannot be placed upon the importance 
of the use of a straight-edge, because this method insures a 
trueness and evenness of surface of pavement not otherwise ob- 
tainable. 

Curing of Concrete Surfaces. 

After the concrete surface has been finished, as described 
above, it should be protected by applying burlap very carefully. 
The burlap should be placed as soon as possible after finishing, 
without marring the surface. This does not mean that the con- 
crete would have to be anywhere near the final set. After the 
burlap has been placed, it should be kept wet by sprinkling with 
a fine spray of water until the concrete is sufficiently hardened 
to remove the burlap and place on the other curing material. The 
burlap should weigh at least 12 ounces per square yard and be in 
strips 40 inches wide and 2 feet longer than the width of the con- 
crete to be covered. At the ends of the strips should be fastened 
either iron bars or wooden strips so as to prevent raveling and 
aid in handling them. 

As soon as the burlap covering is removed, the surface should 
be covered with straw to a depth of at least 3 inches. The 
straw should be thoroughly wet and kept moist by sprinkling 
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with water for a period of at least 20 days, under favorable 
weather conditions, and longer if the engineer so directs, during 
which time all traffic should be kept off the concrete by the erec- 
tion of suitable barricades and maintenance of same. 

On level stretches of pavement, the concrete may be cured by 
building suitable earth dykes to such height as will permit the 
entire pavement to be covered with water to a depth of not less 
than 2 inches. The water should be maintained at this minimum 
depth for a period of at least 20 days. This method is very ef- 
fective but can be used only on comparatively level grades. 

Another method of curing is to use not less than 2 inches of 
earth covering instead of straw. The same restriction as to 
sprinkling for 20 days applies to this method. 

The use of calcium chloride is comparatively new but its 
use eliminates the necessity of a water line where a central mix- 
ing plant is used. When used, the surface of the concrete, after 
the removal of the burlap, should be uniformly covered with not 
less than 3 pounds of granular or flake calcium chloride per 
square yard of pavement. This treatment should not be applied 
under 8 hours after finishing and preferably 16 hours. The 
treated surface should be protected from rain for a period of at 
least 12 hours, or additional applications should be made follow- 
ing rains, to insure 3 pounds of calcium chloride per square yard 
of surface for a period of at least 12 hours. 

Expansion joints should be provided by placing permanently 
in position, a preformed, solid body of compressible asphaltic 
compound reinforced on both sides with a high grade, asphalt 
saturated wool felt, for the full depth thereof. The joint filler 
should be a suitable bitumen which will not become soft enough 
to flow in hot weather or brittle in cold weather. 

Our practice in Marion County has been the use of an expan- 
sion joint one inch in width placed across the pavement perpen- 
dicular to the center line of the road at the end of each day's 
run. All expansion joints should extend the full depth of the 
pavement. Edges adjacent to the joint should be rounded to a 
radius of not more than J4 oi an inch with a suitable tool. 

Dowels of ^ inch round rods 4 feet long should be used at 
each expansion joint. These dowels should be placed on 3 foot 
6 inch centers and should extend 2 feet into each slab. The 2 
foot length of the dowel placed at the time of quitting work 
should be wrapped in heavy paper to prevent bonding. The next 
morning these dowels should be pulled out about 2 inches to al- 
low for expansion. The other half of the dowel should be bonded 
in the slab. It will be necessary to have holes bored in the night 
board to facilitate placing the dowels. 

It has been the practice in Marion County during the last 
four years to specify 40 pounds of steel reinforcing per hundred 
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square feet of pavement. However, beginning with 1923, we 
adopted the Illinois standard using a }i inch round bar, not 
bonded, with a steel contraction joint on the center line of road- 
way. We are also using J/^ inch dowels 4 feet long spaced on 5 
foot centers through the contraction joint to tie the two halves 
of the slab together. These dowels are bonded. 

Concrete should not be mixed nor deposited when the tem- 
perature is below freezing. If, at any time during the progress 
of the work, the temperature is at, or in the opinion of the engi- 
neer would, within twenty-four hours, drop to 35 degrees fahren- 
heit the water and aggregate should be heated and precaution 
taken to protect the work from freezing for at least 10 days. 
In no case should concrete be deposited upon a frozen sub-grade. 



CHANGES AND IMPROVEMENTS IN DESIGN AND 
CONSTRUCTION OF INDIANA STATE ROADS. 



By J. T. Hallett, 
Road Engineer, Indiana State Highway Commission. 



Design 

During the short existence and activity of the Indiana State 
Highway Commission, there have been several changes made in 
the design and construction of its roads, a few of the most im- 
portant of which I will mention. 

When the construction of the Indiana State Roads started in 
1919 there was a general feeling among road enthusiasts and 
engineers that where there was a fairly good road existing, the 
grade of the old road should be followed so as to have a better 
base for the new road. The Highway Department with this idea 
in view laid many grades following very closely the old grade. 
The result was short, choppy grades connected with short ver- 
tical curves. 

The first plans put out by the Highway Department showed 
some vertical curves as short as fifty feet in length. Our ex- 
perience has shown us that when following the grade of an old 
gravel or macadam road so closely it is an impossibility to get a 
uniformly compacted sub-grade so essential to eliminate cracking 
of the pavement. Our conclusions were that on entirely new con- 
struction, the old road bed was more of a liability than an asset, 
therefore we are now laying our grades with longer tangents 
and longer vertical curves somewhat disregarding the old road 
bed. In every respect it makes a better road. We are now using 
a minimum length of three hundred feet for vertical curves, as 
compared to fifty feet at the start. 
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The first concrete slab built by the Indiana Commission was 
eighteen feet wide, six inches thick at the edges and eight inches 
at the center. The concrete was a 1 :1 J4 :3 mix. All of this was 
common practice at that time. The pavement section which is 
thicker at the center than at the edges is still good for types of 
road where there is no slab action in supporting the load and 
where the surface wear is a considerable factor in the destruc- 
tion of the pavement. Concrete pavement under present day 
traffic does not wear to any great extent. The load is transmitted 
to the grade by slab action. Therefore a uniform eight inch 
slab was adopted and the mix changed to a 1:2:3. While we 
were not bothered to any great extent by longitudinal cracks, it 
is very desirable when cracks do occur that the slabs be kept 
from separating and the cracks opening. In order to do this it is 
necessary to put transverse steel in the slab. 

In a recent design adopted by the Commission, this has been 
taken care of by one-half inch transverse bars spaced four feet 
apart. The corner of the slab is a weak point for supporting the 
load. We have always put ^ inch dowel bars at transverse 
construction joints to transmit part of the corner load to the ad- 
jacent corner but only recently have we put in a continuous 
dowel bar at the edge of the slab to help transmit the load across 
transverse shrinkage joints. By strengthening the weak points 
in the slab by addition of steel, we believe that a seven inch uni- 
form slab reinforced in this way is as strong or stronger than 
an eight inch slab not reinforced. The cost figures out slightly 
less. 

The first brick pavements were grout filled but later the 
bituminous filled pavement was adopted. Recently the con- 
tinuous dowel has been added to the base of brick and bitumin- 
ous concrete pavement. The latest specifications provide for a 
1 :2:Z mix in the base of brick and bituminous concrete pave- 
ments instead of 1 :3 :5 as originally specified. 

Construction 

The building of the grade on state roads is practically the 
same standard practice as used everywhere and has not been 
changed appreciably since the Commission started operations. 
However, in our most recent specifications, we have provided a 
slightly diflFerent method of widening existing embankments. 
The specifications call for the old embankment to be torn down, 
widened to full width and thoroughly rolled before any addi- 
tional material is placed. We believe this will cause better fills 
to be constructed. 

The first contracts awarded permitted aggregates to be 
stored upon the subgrade and had no definite restrictions as to 
the cutting up of the subgrade by hauling over it. We find that 
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this did not permit the proper preparation of the subgrade, so 
later contracts provided that all aggregates should be kept off 
the subgrade, at least five hundred feet in advance of the laying 
of the pavement, and no hauling allowed over the subgrade when 
the wheels cut down more than two inches. This provides a 
more uniform subgrade which is very essential in road construc- 
tion. 

We formerly checked the subgrade to see if it was the proper 
elevation by the string and rule method, now we use a templet 
which slides on the forms. This insures a more correctly shaped 
subgrade than the former method. About the time the Commis- 
sion started construction, the finishing machines for concrete 
pavements were in their experimental stage. They were used 
on some of the first contracts, while on the others the hand fin- 
ishing was used. The machine finisher produces a denser con- 
crete and a smoother surface. Now finishing machines are used 
on all jobs. 

On the first job a straight-edge was used for checking the 
surface only at construction joints, but now our inspector and 
the finisher check and re-check every foot of pavement before 
the concrete sets. This gives them a chance to correct a rough 
surface when it can be properly corrected. The result is much 
smoother pavements. ' 

It has been determined by taking cores out of the pavements 
laid that the thickness of the slabs were quite variable. In some 
places the variation was nearly 50% from the required thickness. 
Since we have used more precaution in checking the surface of 
the pavement, also in checking the subgrade to see if it is the 
proper elevation, we find that the variation from the required 
thickness is usually not more than 10%. 

While we do not feel that we have the final answer for slab 
design, we do feel our design will compare favorably with any 
other design of the same cost. 
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MAINTENANCE OF CONCRETE ROADS. 



By A. P. Jones, 
Madison County Highway Superintendent. 



The materials required for the repair of concrete pavements 
are portland cement, sand, stone, (crushed stone is better) and 
bitumen. Bitumen, for filling cracks and joints and for making 
shallow repairs, may be coal tar products, asphalt or asphaltic 
products. The hot bitumens at proper temperatures flow quickly 
and fill the parts of joints and crevices thoroughly but caution 
has to be exercised not to get the material too hot as this would 
burn or cook out some of the bitumen taking from it the elas- 
ticity which is required so that when cooled it would become 
brittle. 

The equipment for this work depends on the extent of the 
repairs. If the work covers much territory, a light motor truck 
with a heating kettle mounted on wheels for melting the bitumen 
is the most convenient. A pouring can, a stiflF broom, a sharp 
raking tool made for cleaning out the cracks and joints to be 
filled and a shovel for putting on the sand completes the outfit. 
The proceedure for doing the work is very simple. 

The best way I have found to proceed with this work of 
sealing the crevices is to have one man go before with a good 
stiff house broom and sweep thoroughly the surface, removing 
every particle of dirt. Then another follows closely with a can 
of the bituminous material, pouring in enough to fill the crack 
and a third follows with a shovel and covers the asphalt with 
sand. The three men should work close together till the job is 
completed so the work of one will not be lost. If the sand is 
spread as soon as the asphalt is poured, it is not necessary to 
close the road and stop traffic. 

Sometimes it is necessary to repair a worn spot or depres- 
sion in a pavement due to faulty material, improper mixing, or 
freezing while the concrete is green. The following steps should 
be followed in making a patch of. this kind: first clean the hole 
in the surface thoroughly of all dirt and loose material ; then 
paint the area with a thin coat of bitumen ; mix enough good 
washed pea gravel or stone chips with enough bitumen to fill the 
depression a little more than level full ; settle this new mixture 
with an iron tamp to a level with the adjoining surface ; paint 
the patch again with the bitumen ; cover with a coat of good sand 
and the patch is done. 

For patching holes more than an inch deep, a permanent 
patch may be made with concrete after cutting the hole out to 
a depth of three inches making the edges straight down so that 
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no part of the patch will be less than one inch thick. The old 
concrete should be trimmed away until all loose material is re- 
moved and the surface and edges are perfectly sound. Then the 
edges and bottom should be made wet, taking care not to leave 
any water in the hole. Mix new concrete using as nearly as 
possible the same materials as used in the original pavement and 
in the same proportions except that the mixture should not be 
leaner than one part Portland cement, two parts sand, three parts 
pebbles or crushed rock. This coarse aggregate should be of 
maximum size corresponding to about half of the depth of the 
hole to be repaired. The concrete for the patch should be mixed 
immediately before it is to be used with just enough water to 
make it mix well. Place the concrete in the hole to be patched, 
tamping it firmly against the sides of the hole so as to leave no 
cavities. It should be allowed to stand for a few minutes to 
settle and dry, then it should be retamped. This should be kept 
up until it has been tamped the third time, letting it dry between 
each time of tamping according to the condition of the weather. 
It will dry much faster in hot or dry weather than at other times. 
The hole should be slightly over filled at first so as to take care 
of the extra tamping and settling of the mixture, in order that 
the patch may be as nearly level with the surface of the sur- 
rounding pavement as possible. After the third tamping the 
surface of the patch should be worked over with a wooden hand 
float taking special care to produce a good finish at the edges 
so that there will be no seam or crevice between the edges of the 
old and new concrete. 

The berms of a concrete road should be up even with the 
surface of the pavement but no higher so that the water will not 
be held on the road but will immediately drain oflF to the side 
ditch and be carried away. It is a good idea to sow the new 
fresh berms with rye and later with timothy or blue grass, as 
the roots of these grasses will aid materially in preventing wash- 
ing, and also add to the appearance of the road. 



DRAINAGE OF ROADS. 



By Don Heaton, 
Benton County Engineer. 



I know of no subject that is as much talked about, as gen- 
erally agreed ui)()n and as little practiced as road drainage. By 
this I do not refer to elaborately designed systems, but just the 
ordinary common-sense precautions that we all talk about and 
so often fail to carrv out. 
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From a study of the subject it seems to me that the time 
spent on highway investigations and research in the last 20 years 
could be divided in about the following proportions: on the 
design of new road surfaces, 80% ; on the foundations, sub- 
grades and drainage combined, about 20%. 

A few years ago, when heavy motor traffic first began to ap- 
pear, many roads failed because their wearing surfaces did not 
have the necessary strength to withstand the demands of heavy 
traffic even when supported on stable foundations and subgrades. 
Undoubtedly the failure of the early pavement surfaces has been 
largely responsible for so much attention being directed in late 
years to developing road surfaces that would support our present 
day traffic. Now, however, the rather annoying regularity with 
which some of the strongest and best developed pavement de- 
signs have failed in very recent years would indicate that sub- 
grades and drainage are about to receive their rightful share of 
attention and that the above percentages are to be changed if not 
actually reversed. 

One of the first problems that concerns the highway de- 
signer is that of making the subgrade firm and strong enough to 
bear up the loads that come upon the road surface. For illus- 
tration, it is not hard to conceive of this being accomplished by 
the construction of a heavy foundation of such great thickness 
that in spite of poor drainage the road would not fail, due to the 
enormous effective depth from the surface of the road to the 
base of the foundation. On the other hand it is just as easy to 
conceive of the same stability being accomplished with an ex- 
tremely light foundation and a subgrade kept dry by elaborate 
and expensive drainage works. 

Between the two extremes there must be some economical 
half-way point, the determination of which will tell us how 
much money to spend for foundation and how much to spend for 
road drainage. 

This is one of the road drainage problems that the highway 
research man will have to solve in the immediate future. I wish 
him easy sailing, though I don't know of another problem that 
involves more variable quantities. 

Until recently, no one thought much about capillary mois- 
ture as a possible cause of subgrade failures. The usual practice 
in draining a road is by means of side ditches, under drains of 
tile and stone, or both, to remove surface and ground water. In 
spite of all these precautions many well designed roads have 
failed on account of very wet subgrades. 

Repeated accounts of such failures brought on a series of 
experiments by the Bureau of Public Roads, to determine some- 
thing about capillary moisture and methods of meeting its effects 
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by road drainage. Briefly, the results of some experiments in 
this line conducted by the Bureau of Public Roads are: that, 
under favorable conditions of soil texture and temperature, 
capillary moisture moved a vertical distance of sixteen inches to 
six feet in twenty-four hours ; that horizontal capillary action is 
much more rapid than vertical ; that water has been observed to 
move in a horizontal direction in distances ranging from seven to 
thirty-three feet in twenty-four hours; and that the quantity of 
water and the rate at which it will move depend upon the sizes 
of the pore spaces between the soil particles. If the pore spaces 
are small, the movement of water will be relatively rapid, and the 
amount of water held against the attraction of gravity will be 
relatively great. If the pore spaces are large, the vertical or 
horizontal movement of water will be slow and the amount held 
in the soil will be small. 

Even the slightest consideration of these figures and find- 
ings must leave no doubt in our minds that the natural law at 
work through capillarity must be faced in the design of road 
drainage and road subgrades. Vertical capillarity has been suc- 
cessfully met in many cases by placing a layer of material of low 
capillary power such as heavy crushed stone or coarse screened 
gravel, directly beneath the pavement. Attempts to stop hori- 
zontal capillarity include the design of vertical concrete cut-off 
walls extending about three feet below each edge of the pave- 
ment, tile drains on each side of the road and with trenches filled 
with broken stone, and by waterproofing ditch banks and sub- 
grades with crude oil or tar preparations, or combinations of all 
three of these methods. 

A mistake sometimes made in road drainage is the attempt 
to apply farm drainage methods to highway drainage, especially 
in the underdrain systems. In many respects the two call for 
widely different plans and considerations. There are many cases 
where tile drainage is a complete success in farm land, while in 
an adjacent highway the tile drain might be a very questionable 
investment. Extreme rapidity of action in farm drains is not 
as essential as in road drains. If a farm drain is so designed 
that the water table is lowered beyond the limit of capillary rise 
for that particular soil, the drain had better not be put in, as the 
one form of moisture essential for crop growth is capillary mois- 
ture. On the other hand, the ide^l drain for a highway is one 
that eliminates capillarity completely. 

Apparently the best practice in road drainage in the imme- 
diate future is going to include extensive studies of soil condi- 
tions over the route of any proposed project. Standardized 
methods of drainage for mile after mile of road up hill and down, 
through cut and fill, will be replaced by adequate drainage plans 
to meet everv condition of soil and moisture. 
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CONSTRUCTION OF MACADAM ROADS. 



By Homer Teeters, 
Engineer, Jay County. 



Due to the different traffic conditions of today, specifications 
for plain macadam construction should be changed, ^^'e all 
appreciate that the foundation is a most important item in road 
construction. It is an easier matter to resurface when a wearing 
course has worn out if originally a suitable foundation has been 
built. For this reason I suggest the following specifications for 
a macadam base : 

Upon the well rolled and compacted sub-grade, the founda- 
tion course shall be built in two courses. Place uniformly a 
4 inch layer of crushed limestone passing a 3^/2 inch ring and re- 
tained on s. 1 1/2 inch ring, uniformly graded. This course should 
then be gone over with a spiked tooth harrow or approved stone 
rakes to get a surface of stone as uniform as possible. This 
course shall be thoroughly rolled with a self propelled roller, 
weighing not less than ten tons, and rolling until the stone does 
not creep or wave ahead of the roller. A sufficient amount of 
stone screenings, from dust to stone passed by a ^ inch ring, 
shall be spread uniformly on this course from piles which have 
been previously dumped alongside of the road, and well swept 
or brushed into this course with steel or rattan brooms until the 
voids are thoroughly filled. Then all excess screenings shall be 
swept off. Upon this course there shall be uniformly spread a 
second course of 4 inches using stone from Zy^ inches to 
13^ inches. This second foundation course shall be thoroughly 
rolled with a ten ton roller until the stone does not wave or 
creep ahead of the roller, after which screenings shall be applied 
in the same manner as in the first foundation course. This course 
shall be thoroughly rolled until no voids appear. Water from 
sprinkling wagons shall then be applied to the surface and the 
rolling continued, rolling in sections of not more than 300 to 
400 feet. As the water causes voids to appear, additional screen- 
ings shall be added and rolled in until the foundation becomes 
solid and free from voids. 

My reason for recommending a foundation built in two 
courses is that, by so doing, we can obtain a much firmer base. 
It is necessary for the average heavy type traffic to have at least 
8 inches of thickness after compression, and it would be 
impossible to roll this all in one course and obtain the compres- 
sion necessary for a well constructed base. 

Due to present traffic conditions, the top course should not 
be watered and rolled as in former days, but stone passing an 
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inch ring and retained on a ^ inch ring with sufficient amount 
of fine material to give proper bond should be uniformly spread 
over the prepared foundations. This surface of ^ inch chip can 
be easily maintained by dragging. 

It is my opinion that the ^ inch chip has solved the main- 
tenance problem of macadam construction. In referring to the 
y^ inch chip, I would not require this exact size in all instances, 
as varying conditions might require a slightly larger or smaller 
chip. I firmly believe that giving the proper attention to build- 
ing of the macadam base, providing for a broad foundation, not 
too much crown and good drainage, the chip wearing surface 
will take care of a big part of our county traffic. 



NEW DEVELOPMENTS IN ROAD MAINTENANCE. 



By A. H. HiNKLE, 

Superintendent of Maintenance, Indiana State Highway 

Commission. 



I shall confine my paper to a few subjects which will be of 
most interest to you either because of some new feature about 
them or because I believe their importance is such as to deserve 
emphasis in connection with highway maintenance. 

Plugging Breaks in Roads During Spring Thaws. 

Every spring finds us with certain bad places in our gravel 
and stone roads, and other types have been known to develop 
their **sink holes." These breaks occur sometimes year after 
year at the same place, due to wet weather springs or poorly 
drained places in the roadbed. I might cite as a concrete ex- 
ample, a mudhole we "plugged" four years ago this spring which 
a local citizen who was forty-eight years old, said had appeared 
every spring for forty years." 

It is not uncommon for deposits of quicksand or such a 
quality of clay to be encountered that the breaks are expensive 
to repair while the wet season is on. For the plugging of such 
breaks nothing is better than a layer of cinders to be covered 
with gravel, stone or other road surfacing materials for a wear- 
ing surface. The cinders will **choke" the mud hole and destroy 
the high capillarity of the soil much quicker than gravel. The 
mistake must not be made, however, of putting on the cinders and 
not covering them, for the cinders have a very low wearing value 
and during the dry summer will wear and blow away rapidly. 
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The Cause and Method of Preventing Corrugations in 
Gravel Roads. 

Corrugations are formed in gravel roads when the traffic 
reaches a certain density. These corrugations are apparently 
due to the vibration of the car combined with the slipping or **kick 
back" of the drive wheel as it drops into the trough of the corru- 
gation. The development of the corrugation is greatly acceler- 
ated after a rain by the water being splashed out of the depres- 
sions and carrying with it some of the gravel and sand. This 
accounts for the corrugations developing faster on flat grades. 

While any grade of gravel will corrugate under certain con- 
ditions, it is apparent that some grades of gravel corrugate much 
quicker than others ; or, stating this another way, we might say 
that practically all grades will corrugate after the traffic has 
reached a certain density. 

These corrugations develop much quicker in gravels which 
lack cementing materials and that are deficient in the coarser 
pebbles. Gravels which have an excess of fine silica sand, which 
has little or no cementing value, corrugate quite readily. It is 
very noticeable that gravels containing materials which cement 
them together, corrugate much less. We frequently have re- 
duced the corrugation very extensively by the addition to the 
ordinary gravel road of a thin coat of crushed gravel passing a 
one inch opening and containing all the dust incident to crushing. 
Al«o, crushed limestone of the same grade can be used in the 
same way. Roads made of limestone which are maintained by 
the dragging process as the gravel roads are maintained, corru- 
gate much less than the average gravel road. At least a partial 
explanation of this is apparently the greater cementing value 
usually possessed by the crushed stone. Stone roads not prop- 
erly maintained are more inclined to develop pot holes instead 
of the rythmic corrugations developed by the gravel. 

I have noticed frequently that gravel in which the pebbles 
are slightly coated with clay or calcium carbonate resist the 
corrugation quite well. It is also quite noticeable that the addi- 
tion of thin coats of new gravel, of whatever kind, will resist 
the corrugation better than an old surface where the gravel and 
sand seem to be worn out. 

The method of maintaining and dragging has much to do 
with the preventing of the corrugations. Our experience has 
fully determined that the corrugation is greatly reduced by the 
use of a very heavy drag or grader such that the surface is 
planed oflf smooth at frequent intervals. The heavy machinery 
will not vibrate and bounce up and down on the road surface as 
will the lighter drags, thus producing the incipient corrugations 



Digitized by VjOOQIC 



46 PURDUE ENGINEERING EXTENSION SERVICE 

themselves. Wherever light drags or very light graders are 
used under heavy traffic, the corrugations seem to be more cer- 
tain to form. For that reason we have been using a very heavy 
drag. 

Some of the conclusions which we might draw from the 
above are as follows : 

The corrugations are apparently formed by the vibration of 
the motor vehicle combined with the slipping of the drive wheels 
as they go down into the trench of the corrugation. 

While all gravel will corrugate to some extent when traffic 
reaches a certain density, gravels are very different in their na- 
ture and some corrugate much worse than others. 

Gravels containing an excess of fine sand and a deficient 
amount of the coarser pebbles, from which cementing material is 
absent, corrugate most readily. This is perhaps explained by 
the little resistance offered by sand grains of uniform size to 
being shoved aside by vehicles. In other words, the greater per- 
centage of voids in the gravel or sand which would exist when 
the grains of sand are of quite uniform size would permit cor- 
rugating most readily. 

With the above explanation of the causes of corrugations it 
is quite evident why the following methods of preventing corru- 
gations are effective : 

The frequent additions of thin coats of new gravel will aid 
materially in keeping down the corrugation. This is perhaps 
nothing more than saying that a new road is better than an old 
worn out one. 

The application of crushed gravel or crushed stone will 
greatly reduce the tendency of gravel to corrugate. This no 
doubt is due ; first, to the greater density of the mixture : second, 
to the cementing value of the dust, and third, to the greater re- 
sistance the angular pieces offer to being shoved aside. 

The dragging and smoothing of the surface with a heavy 
drag, plane or grader will greatly reduce the tendency of the road 
to corrugate. This latter means of keeping down the corrusja- 
tions is extremely important under heavy traffic. 

Dragging of Bituminous Surface Treated Roads. 

An innovation was started this past summer in one class of 
our maintenance work by dragging a road just after it had been 
given surface treatment of bituminous material and clean stone 
chips. After experimenting with an especially made drag for 
this purpose and an ordinary road maintainer our conclusion is 
that perhaps our standard Type "B" drag is the most satisfactory 
piece of equipment for this purpose, although the road maintainer 
gave very satisfactory results. 
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It frequently happens that a macadam road which is main- 
tained with bituminous surface treatments is quite rough or ir- 
regular. The irregularities in the surface may be greatly reduced 
by applying a treatment of tar or asphalt and putting on a 
limited amount of stone or gravel covering after which the sur- 
face is dragged as an ordinary gravel or stone road. The drag 
places the stone or gravel pebbles, which have been coated with 
asphalt or tar, into the little holes or depressions in the road 
surface thus leveling up the surface. Part of the work which we 
did along this line this past summer received a second coat of 
tar and screenings. It is necessary that the tar or asphalt be 
just sticky enough so that the pebbles will be moved by the drag 
and yet will stick in the location the drag places them and not 
be readily displaced by traffic. This means that the dragging 
would have to be done immediately after the application if the 
tar or asphalt was quite a heavy grade of material and applied 
during the cool weather. On the other hand, if the tar or asphalt 
was a light grade of material and was applied during the hot 
weather it would be necessary for some little time to elapse be- 
tween the application and the dragging if the best results are 
to be secured. 

Since this work has been made public some of the other 
States have already dragged their surface treated gravel roads. 
I see no reason why this method of smoothing a road surface after 
it has been given a bituminous treatment cannot be used to great 
advantage on many roads of the cheaper type. 

Sizes of Stone in Bituminous (Penetration) Macadam Work. 

It has been fully demonstrated that many of the penetration 
macadam roads have been made of too small sized stone. The 
small sized stone not only are more susceptible to being dis- 
placed by the heavy traffic but are also much more apt to pro- 
duce areas in the stone where the voids are completely closed by 
the rolling and thus produce spots where the asphalt or tar can- 
not penetrate. The finer stone prevents sufficient rolling of the 
course which is necessary before the application of the bitu- 
minous material in order to produce, a rigid surface when com- 
pleted. It is well demonstrated that stone through a 4 inch cir- 
cular opening is none too large for use in this type of road. 

It is important to guard against applying too many screen- 
ings after the bituminous material is applied and before the 
surface is rolled. It might be said that in the rolling of all mac- 
adam work, whether bituminous macadam or water bound mac- 
adam, the greater part of the rolling should be done so that the 
roller wheels will come in contact with and press upon the coarse 
stone. Ruts or depressions made in the layer of big stone in the 
surface should be removed by rolling on the big stone so far as 
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possible and not by filling the rut with small stone. As soon as 
a "bridge" or mat of fine stone or screenings separates the sur- 
face of the roller wheels from the coarse stone, a surface is being 
produced that will wear irregularly under traffic, although the 
surface may be smoother when finished than the proper method 
of rolling will produce. 

Repair of Concrete Roads. 

At present it is quite generally conceded that the use of a 
bituminous material for filling cracks in concrete roads is the 
most economical. The best grade of tar for this purpose that 
we have been able to specify is a tar meeting our T. P.-2 spec- 
ifications. This material is heated in a kettle and poured into 
the joints and covered with sand. This tar is softer than our 
standard penetration tar, the latter being so hard and brittle 
that it chips out in winter. 

The best grade of asphalt we have found is asphalt emulsion 
meeting our A. E.-l specifications. This material is poured into 
the joint cold and covered with sand. Either of the above mate- 
rials are suitable for making shallow or skin patches. Asphalt 
similar to that used in penetration macadam and known in our 
specification as asphalt filler A. O. F.-l has been advocated and 
used very extensively for this purpose for a number of years. 
Our experience has been that this grade of asphalt if used on 
roads which have a heavy winter traffic is of very little or no 
value. It is chipped out by traffic in cold weather so that when 
spring comes there is hardly a trace of material left on the 
surface. 

The larger cracks and bigger depressions in concrete roads 
should be filled with a mixture of bituminous material and 
crushed stone. For this purpose either the cut back tar (our 
T. C. M. specification) or asphalt emulsion, mentioned above, 
may be used. 

\\ here it is necessary to replace a good sized area of con- 
crete surface, which is in excellent condition otherwise, it may 
be desirable to make the repairs out of concrete similar to that 
used in the original construction. The trouble has been that 
these patches had to be protected against traffic for a number of 
weeks which was quite a handicap. However, recent develop- 
ments have shown that it is possible to make concrete by using 
the proper mixture, amount of water and compression in plac- 
ing, together with the addition of a small amount of calcium 
chloride, which will cause the concrete to assume as much 
strength in four or five days as ordinary concrete assumes in 
three weeks. If this process proves practical it is possible that 
many repairs made heretofore with bituminous materials could 
be better made with concrete. 
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System of County Roads. 

It sems that we have advanced sufficiently in our highway 
work in the state that every county should have a definite system 
of county roads which should be selected with some considera- 
tion of the county roads in the surrounding counties. These 
roads, in order to distinguish them from the state roads, might 
be designated by letters, as is done in Wisconsin. The necessity 
of knowing where and what such a system of county roads con- 
sists of is made more necessary at the present time due to the 
fact that part ($500,000 the first year and $1,000,000 per annum 
thereafter) of the gasoline tax is to go back to the counties for 
road maintenance. According to the law, one-half of this is to 
be divided equally among the counties and the other half is to 
be divided among the counties "in the proportion which the num- 
ber of miles of free gravel or macadam and county unit roads 
in the county bears to the whole number of miles of such roads 
in the State.'* 

It is the duty of the State Highway Department to deter- 
mine the mileage of these roads in each county. It is only with 
the co-operation of the County Highway Superintendents and 
County Surveyors that this mileage can be readily and accurate- 
ly secured. It goes without saying that the State Highway Com- 
mission expects your full co-operation in this work. 

Superintendents With Backbone Needed. 

You highway superintendents, whether working for the 
state or county, are in such a position that you are subjected to 
various influences both good and bad. The good influences are 
such as to stimulate you to do more and better work for the 
money you expend, or in other words to be a credit to yourself as 
well as your community by maintaining the roads under your 
supervision in the best possible condition with the limitation 
of funds and other restrictions placed upon you. The public is 
expecting this from you. This is what they are paying you for. 
You will be criticized at times, of course, for doing your duty. 
There are greedy citizens who unless they <:an have you serve 
their selfish interests at the public expense will criticize you. 
However, here is a test of your backbone. Will you yield to the 
demands of selfish interests when you know it is at the expense 
of the general public or will you keep a stiflf upper lip, do your 
duty and take the unjust criticism? If you yield to every selfish 
interest, who howls and bellows the loudest, by doing that which 
you know is unjust to the interest of the taxpayers who are pay- 
ing you, then you are too much of a jelly fish to hold the respon- 
sible position entrusted to you. We must have highway super- 
intendents with backbone. You will lose out occasionally by 
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doing right it is true, but not nearly so often as in doing wrong. 
It is far better that you lose your position by doing your duty 
than by failing to do your duty. 

Co-operation Between County Highway Superintendents 
and State Highway Superintendents Necessary. 

It frequently comes to my attention that some of our em- 
ployes are in more or less conflict with local road officials be- 
cause of either the county or state having a monopoly on certain 
supplies of road material. While each must have certain rights 
and responsibilities, it must ever be remembered that the tax- 
payers of the state are paying the bills and that if either set of 
officials can accommodate the other in any way without sacri- 
ficing to any extent his own work, it is his full duty to do so. 
A man can be smaller than hi& job, as big as his job, or bigger 
than his job^ according to his treatment of others associated with 
him either directly or indirectly. Regardless of whether or not 
we may have exclusive lease on a pit, we do not expect to bar 
the counties from securing gravel from the pit where it is not 
necessary to do so, and where it would be a great convenience 
to them to secure such gravel. Likewise, I feel that it is the 
duty of the county to co-operate with the state to the same de- 
gree. You should not forget that while you occupy one position 
this year that you might occupy the other position another year ; 
that we are all working to the same end, and that is to provide 
for the people of the state a convenient and economical means 
of tran>portation. 



HIGHWAY MAINTENANCE FROM THE STANDPOINT 
OF SERVICE, SAFETY AND ECONOMY. 



By G. C. DiLLMAN, 

Deputy Commissioner and Chief Engineer, ^lichigan 
State Highway Department. 



There are some general requirements which any mainten- 
ance organization must possess, chief among them being fixa- 
tion of responsibility. Without this bjsing definitely placed and 
commonly understood and respected by each party affected, pos- 
itive control over the work would be lost. The employee must 
be loyal to his superior authority. Fairness combined with dis- 
cipline not only creates respect but there is inert driving power 
in it. To permit men in lower ranks "to go over the heads" of 
an immediate superior, tends to confusion and jeopardizes effi- 
ciencv. 
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Each employee being assigned to some particular work, it 
is necessary that he be skilled in that particular thing he has to 
do. Here is a wonderful opportunity to carry out the apprentice 
system in road maintenance. A man begins at the most menial 
thing and, making good, is advanced to more responsibility. In 
this way an employee in a responsible position is familiar with 
all of the details of the work under him and efficient results will 
be had. 

It is said that in a certain railroad executive office hangs a 
card which reads: "If the President of this Railroad should quit 
tomorrow all the company would have to do would be to hire a 
new office boy.'* Should not the same principle of organization 
as this card conveys be built into state and county highway 
departments? Possibly it is too much to hope for such an ideal 
condition of things, but by not working along that line thou- 
sands of dollars are annually wasted due to the questionable ten- 
ure of office or employment regardless of service. Continually 
breaking in green men on jobs requiring sound judgment, tech- 
nical knowledge and experience, is done at the price of efficiency. 
This frequent turnover in personnel may meet with the approval 
of the public, in fact it appears at times that the public demands 
it. But, instead of gradually building up an efficient organiza- 
tion, one is maintained that tends to experiment upon the public 
with all the "new ideas" acquired with each change. On the 
other hand a maintenance organization must not be allowed to 
get into a rut formed by usage, routine or self-emulation. 

The demands our highways are being called upon to meet 
are so great and changes in the methods of doing things are so 
rapidly taking place, that each man must study carefully his 
problems and develop his power of observation and application. 

The organization we would have cannot be made up of 
misfits and function properly. The problem of maintaining our 
highways today is becoming more and more complex. It is 
not like construction with its specifications definitely laid down, 
hence the necessity for men having initiative, the ability to meet 
and overcome resistance and an inclination to serve the public 
with the best. 

To maintain roads economically in a first class condition, the 
maintenance must be systematic and continuous. Systematizing 
the work requires a careful study of all the activities and the 
relation of each with the other. The diflferent units must respond 
quickly to demands made upon them and to the proper directing 
authority. 

The fact that our highways, no matter how well built, will 
not render continuous and efficient service without proper main- 
tenance, is evidenced wherever the roads are only now and then 
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given the "once over." The amount and frequency of mainten- 
ance required depends somewhat upon climatic conditions and 
the nature and amount of traffic, due consideration being given 
the type of wearing surface. However, with the traffic increas- 
ing as it has been in recent years, the pass word for the mainten- 
ance organization might well be — ^'continuous work." 

Experience has proven that the patrol system of maintenance 
must be installed to insure good roads at all time. When this 
system is functioning properly it will do wonders since the re- 
sponsibility for the upkeep of a certain section of road is placed 
upon one person only. The whole organization is founded upon 
the patrol unit. Each section consists of a fixed mileage and 
when possible the patrolman should be stationed near the center 
of the section to which he is assigned. When choosing patrol- 
men, the maintenance superintendent should endeavor to get 
men who take more than passing interest in their work. A man 
placed in this position should be a good worker and be willing 
to take advice and learn. He must demonstrate his ability in 
this work and should, at all times, be courteous to the traveling 
public. 

There is perhaps nothing more annoying to the highway 
user as he drives along the road than to have his attention re- 
peatedly called to something that has been neglected. This may 
be a hole in the road surface, a washout in the grade, a broken 
down culvert or one of a thousand things. Neglected mainten- 
ance is an advertisement of slipshod methods, is the most expen- 
sive in the end and breeds disrespect for the highway and its 
keeper. We should, therefore, remedy these defects promptly 
and, instead of trying to keep a roadway in as good condition as 
when it was first built, strive to make it better year by year. 

If this is not done, we will soon find ourselves vainly at- 
tempting to handle traffic under hazardous, if not impossible, 
conditions. One thing is certain and that is the motor vehicle is 
not going back to the day of the ill-kept highway. Rather, it is 
setting the pace for a highway development whose limits can 
scarcely be predicted. And when we speak of highway develop- 
ment, it is not wholly construction or reconstruction or main- 
tenance. The big job is to maintain the road already constructed 
in good condition, the road that should be reconstructed and the 
road that is unimproved and perhaps breaking down. 

What is wrong when a state or county maintains its roads 
well for a period, then neglects them? The answer is — organ- 
ization. Results obtained will depend largely on the man in 
responsible charge, whether he be engineer, superintendent or 
commissioner. This man must be thoroughly familiar with the 
work at hand. He must be capable of handling men and should 
have a good working knowledge of machinery used in road work. 
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Maintenance departments must organize and equip for fight- 
ing snow. In many cases the regular maintenance forces and 
equipment can be used eflfectively. The principal thing is to be 
ready for fighting snow ahead of time and the work should be 
started as soon as the snow begins to fall and every possible 
eflFort made to prevent drifting. On account of the uncertainty 
of the work, and the probability that much snow removal equip- 
ment will be used only a few days during the season, taking the 
entire years interest and depreciation charges, the economic 
solution may be impossible, yet avoidance of serious traffic de- 
lays and interruptions will fully justify such work. In case 
snow removal is confined to a limited mileage, it is important 
that continuous routes be laid out without regard to county lines. 

Safety Requirements. 

Until quite recently, highway construction and maintenance 
was carried on with little regard to the element of safety. This 
is now considered one of the prime requisites of modern highway 
construction and a design that overlooks this is not good. There 
are a great many things entering into the design of a highway 
and until this time the design did not take into account the great 
volume of fast moving traffic. During these years thousands of 
miles of roads have been improved — the last word in highway 
construction being carried out. Then, a few years later, we find 
that many details of a construction nature must be added through 
maintenance. Road authorities must acknowledge the necessity 
of safe highways and devise methods of making them such. 

During recent years much has been accomplished along this 
line but we have only begun. Maintenance forces must assume 
the burden of this work and maintain the highways for both 
safety and service. With the constantly growing volume of 
traffic it may be assumed that the number of accidents on the 
highways will proportionately increase, yet by safe driving to- 
gether with the elimination of danger points, accidents may be 
reduced to a minimum. No matter where you go it is easy to 
find points on the highway which were comparatively safe for 
traffic a few years ago, but which are now the cause of many 
accidents. These dangerous conditions must be eliminated. 

Sharp curves should be eliminated by lengthening the ra- 
dius to not less than five hundred feet or by relocating and, on 
the most important main roads, all curves should be super-el- 
evated having a radius of one thousand feet or less. Low type 
surfaces such as gravel and macadam tend to loosen and wear 
away rapidly on the inner side of sharp curves. Frequent re- 
placement of material should be made and an eflfort made to 
keep the surface as compacted as possible. 
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The surfacing of main highways should be at least eighteen 
feet wide since the maximum width of truck bodies generally 
run about eight feet and there must be reasonable clearance for 
two lines of fast moving traffic. 

Grades should be of uniform width and the shoulders must 
be sufficiently strong to carry turn-out traffic. Shoulders should 
be wide enough — say five to six feet — on all heavily traveled 
roads so vehicles may drive out on them and not interfere with 
moving traffic. A law was recently enacted in Michigan which 
prohibits vehicles from parking on the traveled portion of the 
highway. To abide by the law at all times and in all places may 
mean inconvenience for the driver but it is a great aid for high- 
way accident prevention and should be adopted by all states. 
It would be well to note that this requires widening narrow road 
grades which is usually a matter of maintenance. 

Good sight distances for both horizontal and vertical curves 
intersecting highways and railroad grade crossings should be 
obtained. Trees, shrubbery and obstructions of any kind, re- 
gardless of value, should be removed if by so doing the location 
will be made more safe. 

Fruit stands, loading platforms and gas and oil filling sta- 
tions should not be tolerated at the edge of the road grade. They 
are a source of danger and congestion to traffic and often inter- 
fere materially in maintaining a road grade and drainage. 

Protection along deep road ditches should be afforded by 
means of well built guard fence constantly maintained with a 
white surface. The fence should be so constructed that in case 
it was struck by a motor vehicle there would be no danger of a 
section of railing going through the car, possibly injuring an 
occupant of the vehicle. In my judgment, a well built cable 
guard fence is the safest for highways and the most effective. 

Many times the low type road built some years ago has an 
excessive crown. This should be cut down to a point where it is 
not a source of danger to the motorist. 

As a rule pavements have been built where traffic demands 
are heaviest and we should do everything to safeguard traffic. 
An effective means of traffic control is to paint lines from four 
to six inches wide down the center of pavements, thus providing 
lanes which serve to divide and direct traffic. This should be 
carried out at least around curves, preceding bridges and nar- 
row places in the road, approaches to steep hills or any place 
where there is a danger from overlapping traffic. The addition 
of a traffic centerline increases the safety to highway users as 
shown by observations of the habits of drivers on marked pave- 
ments. This is something that the traveling public welcomes 
and it promotes confidence for the driver when in heavy traffic. 
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I feel that center line marking of pavements is so essential to 
present day traffic that I will describe a method originated in 
Wayne County, Michigan, and adopted by a number of other 
Michigan counties. The outfit consists of a Ford truck on which 
is mounted a compressed air machine. A wooden wheel two 
feet in diameter and four inches wide covered with felt about one 
inch thick, revolves on an axle supported by framework attached 
to the rear of the truck. The wheel is placed on the left side of 
the frame so it will follow the left hand wheels of the truck. As 
the truck is driven down the road, the paint is applied to the felt 
about one foot above the pavement and is, in turn, transferred 
to the pavement as the wheel revolves. With such equipment 
two men can mark five or six miles of pavement per day which 
makes the cost very reasonable. 

There is no such thing as a safe railroad grade crossing, but 
granting a crossing is not to be eliminated by relocation or the 
grades separated, we have the grade crossing to maintain in as 
safe a condition as possible. Care must be taken to see that 
the crossing is smooth. The most desirable crossing is one that 
is paved or has been given a substantial bituminous surface. At 
all grade crossings on dust laden roads, a section five hundred 
feet in length each way from the crossing should be treated with 
a dust layer. By keeping the dust laid the driver's vision is not 
impaired and the treated strip is a reminder to him that a grade 
crossing is near. The crossing should be planked or paved for 
the full width of the traveled way at least, preferably to the full 
width of the road grade. 

In the interest of public safety all advertising signs and ob- 
structions along the highways should be removed. This might 
include the setting back of rural mail boxes such that traffic 
would clear the box and post. 

Reports should be required on all highway accidents and 
these filed with the proper highway authorities. The report 
should give the location and cause of such accidents and when 
these are compiled and studied it would be of great value to a 
road department as a guide in planning further improvements to 
reduce accident hazards. 

It is only a question of time, I believe, when our heavily 
traveled roads will be policed and with the aid of rigid legisla- 
tion, the motor vehicle driver will have more respect for all users 
of the highways. Regardless of the fact that the roads are being 
maintained in a safer condition all the time, there seems to be a 
growing indifference on the part of motorists. 

It is evident that our duty is not only to maintain the high- 
ways in good condition, pursuing the work in an economical 
manner and with the least possible inconvenience to traffic, but 
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the frequency of highway accidents continue to be one of the out- 
standing problems. There is something wrong when motor 
vehicles annually take a toll of human life in the United States 
comparable to that great catastrophe, the World War. The solu- 
tion may lie in part to proper education of the driving public, yet 
great responsibility rests upon road maintenance organizations. 

Dust Prevention. 

There are many reasons why roads should be kept as near 
dustless as possible. The enormous quantities of dust annually 
swept from our lower type roads proves a nuisance and is un- 
healthful not only to people traveling the highways, but to per- 
sons, live stock and vegetation adjacent to them. Clouds of dust 
add an extra element of danger to people using the roads. Ma- 
terial blown or swept from the road itself is lost and must be 
replaced at a big annual expense. These are but a few of many 
objections that might be named as a public menace. 

There are two general ways in which the dust problem on 
gravel roads may be solved — by retaining the dust on the road 
surface and by preventing its formation. Materials such as cal- 
cium chloride and oils are commonly used with varying results. 
The results obtained are only temporary, hence the amount that 
can be economically spent for such treatments is not great. 

The use of refined tars for surface treating gravel roads has 
had considerable attention in recent years, and excellent results 
are being had. The solution to our problem is to apply a bitu- 
minous material which, when applied properly, will render the 
gravel road dustless, grip each individual particle in the road 
surface and hold them together, enabling the surface to be main- 
tained economically in a smooth and satisfactory condition. The 
big thing is to maintain the surface in an unbroken condition 
which necessitates patrol attention. 

Road Marking. 

One of the most important functions of a maintenance or- 
ganization is to adequately mark the highways under its juris- 
diction. Automobile clubs, associations, civic organizations, busi- 
ness interests and others have attempted to mark, in one way or 
other, the highways long enough. The time has come for both 
county and state to agree upon this matter and get into action. 
The Mississippi Valley Association of State Highway Depart- 
ments has probably done more in the way of standardization of 
highway signs than any other group. Last year this association 
made some very definite recommendations on caution and warn- 
ing signs that are applicable for county and state alike. In ad- 
dition there should be erected standard distance and direction 
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signs throughout the state. There is no plausible reason why 
one state should have caution and warning signs different than 
another state — nor one county different from another county or 
state in which the counties are located. 

Motorists are quick to make comparisons of the highway 
service rendered by different organizations. The condition of 
the highways largely determines the pleasantness of the trip, but 
the marking or lack of it makes the impressions that are not soon 
forgotten. So let us forget county and state lines and post our 
highways with uniform signs promoting safety and convenience 
to the traveling public. 

If a county or state highway maintenance organization 
wants to make a decided hit with the public, then maintain all 
detours well. The motorist has too long considered the detour 
as a veritable appendix on the road system and he has been largely 
right — why? For the reason that it was a trouble maker and 
no part of the organization, construction or maintenance, wanted 
to adopt it. 

We know the average driver of a motor vehicle is prejudiced 
when it comes to detours, but let us do our share and he will 
generally be tolerant to the extent of his. Don*t close the main 
road and then start to maintain a detour — just change the system 
about and see what a soothing effect it will have on the driv- 
ing public. Give the detour fully as much attention as the road 
for which it is intended, and with the right kind of marking and 
patrolling, the big troubles will be removed. 

There can be no such thing as efficient maintenance without 
the work being planned some time in advance of its being done. 
It takes a number of years to develop a good maintenance or- 
ganization and during that time a program is being worked out 
that is imperative for economical results. A man cannot pick 
up in any one or two seasons, the many details of this work and 
become familiar with the histor^^ and behavior of the various 
roads he may have under his control. A road must be "known" 
to be handled in an economical way and when this is the case, 
much trouble and expense may be saved. In other words, it is 
much better to prevent certain things from developing on a 
road than to try to correct what might have been avoided. This 
is where a man's full knowledge of conditions he has to work 
under pays good dividends in service and economy. 

It is important that accurate costs be kept on the mainten- 
ance of different roads and of different types. These costs should 
be studied from year to year and are of great value when adjust- 
ing the annual budget. 
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MATERIALS FOR ROAD MAINTENANCE. 



By W. S. Parks, 
Jasper County Highway Superintendent. 



In order that you may get an idea of the extent of the op- 
erations in Jasper county where I am employed, I will give very 
briefly the road statistics of our county. We have 443 miles of 
stone and gravel roads that are maintained by the road superin- 
tendent — 139 miles of gravel and 305 miles of stone. There are 
108 bridges. Three of them span the Kankakee river, a distance 
of 170 to 180 feet ; 7 are over the Iroquois river, a length of from 
75 to 100 feet; 7 are over other small streams, 75 to 100 feet; 
3 are 12 ft. span, and the other 88 will range from 20 to 75 feet. 

The total amount of money available for road maintenance 
in 1923 was $48,000, in round numbers. $20,050.30 was spent for 
stone and gravel; $3,164 for culverts; $528.42 for tile; $4,941 for 
concrete headers, etc., including labor and materials; $3,600 for 
cleaning and painting the 108 bridges, including labor and mate- 
rial. 

The kind of gravel I prefer for road maintenance is one 
which will not be coarser than one inch and have not more than 
25% to 35% sand. Stone, about the same size, crusher run. I 
find the most successful. 

I believe that spreading road materials over a road in a thin 
layer and repeating this often will get the best results. In the 
north end of our county, where the roadbed is of sand and muck, 
I find that one inch material is most satisfactory; while in the 
south end of the county, where the foundation is more firm, be- 
ing a mixture of sandy loam and sandy clay, a three-quarter inch 
crusher run stone or pike gravel makes the best road. Both the 
stone and gravel should be relatively clean — that is, with very 
little dust or clay. Particularly, clay is unsatisfactory, except in 
small quantities when it would be permissible for quick binding. 
With the kind of materials described and plenty of dragging 
twice a week on main roads and once a week on side roads, our 
highways are kept in what we consider a good condition. Dur- 
ing the spring breakup, three-quarter inch to one inch crushed 
rock or clean gravel is used to fill the worst places. These place'=i 
are then marked and tiled during the following summer. This 
treatment usually prevents the trouble occurring again. 



Digitized by VjOOQIC 



TENTH ANNUAL ROAD SCHOOL 59 



FORECASTING HIGHWAY TRAFFIC. 



By W. K. Hatt, 
Professor of Civil Engineering, Purdue University. 



Knowledge of the future highway traffic is important in 
planning a state wide system of roads. These roads are to carry 
vehicles in the same sense as a town water system carries water. 
No engineer would lay out a system of pipe lines for a water 
supply unless he had looked ahead for a term of years to judge 
the growth of the city, so as to be sure his system would fit 
future conditions. 

Likewise if we are to build roads wide enough and in the 
proper places to discharge the flow of traffic, we must look ahead 
and secure right-of-way and plan the roads according to our best 
estimate of the amount of traffic that is likely to flow over these 
roads. 

There is another important reason for forecasting traffic. 
The total cost of highway transportation is made up of two parts 
— the cost of maintaining the road and operating the vehicles. 
We cannot calculate the economics of this business of road con- 
struction until we know the cost of operation which far exceeds 
the capital cost of the road. 

The distribution of this future traffic over a system of state 
roads should be known rather than the immediate distribution. 
A paved road immediately draws traffic to it, and later on this 
peak of traffic may be dispersed to neighboring roads whenever 
these are surfaced. 

Knowledge of traffic will also aid a wise allocation among 
the various parts of the system of the state funds which are to 
be spent on construction and maintenance. This can be done 
only approximately when there is only a general impression of 
where the traffic is now going and where it will go in the future. 

These traffic problems are not confined to rural highways. 
The acute problems are those of the cities. Indeed city planning 
experts must study the automobile traffic. I know of one case 
where a bridge engineer had first to solve a traffic problem before 
he could design his bridge. 

Another very important reason why traffic surveys should 
be made is that we may determine the proper place which high- 
ways should occupy in the structure of national transportation. 
As a rule people vitally interested in railways are not the friends 
of highway budgets, and with their present information they may 
be expected to attempt to slow down the flow of public money 
into highways. After all, there is only a certain portion of the 
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national income available for transportation, and what is put 
into one form to a necessary degree will act as a starvation of 
other forms. The railway men fear that they are paying taxes to 
create free highways for their competitors. Now a thorough 
survey of the origin and distribution of taxes used in highway 
construction operation is necessary to adjudicate questions of 
this kind. As a matter of fact, there is very little basis for the 
statement that the railway lines are largely contributing to 
establish a free highway for their competitors. It is also true 
that a long and painstaking transport survey in the state of 
Connecticut has shown that the amount of freight traffic carried 
over the highways in competition with the railroads is quite 
small. Protessor J. G. McKay of the Bureau of Public Roads 
has reported these facts irom the technical press, where they 
may be consulted. Traffic surveys of this kind are useful in 
quieting unnecessary controversies and bringing people together 
for a co-operative purpose. 

We cannot predict high*vay traffic until we have such a col- 
lection of facts. The future can only be forecast from a knowl- 
edge of the present and the past. Here we have to do with such 
facts as the increase in population, the increase in the registra- 
tion of automobiles and che growth of highway traffic as con- 
nected with population and automobile registration. 

To the astonishment of most persons, the automobile regis- 
tration in the United States increased from almost twelve and 
one-quarter million in 1922 to over fifteen and one-quarter mil- 
lion vehicles in 1923. Manufacturers expect to sell four million 
additional cars in 1924. There is now one car for every 7.2 
persons in the United States. 

In Indiana registration increased from 469,939 in 1922 to 
582,882 in 1923, or one car for every 5.1 persons. In Indiana the 
increase in automobile registration was 24 per cent, while the 
population increase was less than 1 per cent. How long will this 
remarkable increase continue? Shall we have one car for every 
3.8 persons as in the case in Iowa at present? 

There are a number of obscure factors as for instance, the 
wealth of the state; the present distribution of cars as between 
the rural and city population; the progress of road building, 
which determines the use of the cars; the general prosperity of 
the state. There must be some limit to the number of persons 
per car, a so-called saturation point. 

Some study of this future traffic has been made by Mr. Dill- 
man, Deputy State Highway Commissioner of Michigan. He 
projects the population line in a uniform increase and compares 
this with the increase in motor vehicles. His predictions are 
based upon a period of ten years up to 1923. At the end of this 
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period there will be one vehicle for every 4j4 persons, and the 
rate of increase in registration will be one percent a year, or a 
parallel to the increase in population. 

Applying this same method to the State of Indiana and 
allowing 1 car to 4 persons, we have the following result : 

The estimated population of Indiana in 1932 3,200,000. 

One car for every 4 persons approximately 800,000 cars. 

But who knows? The data of population and registration are in 
Tables No. 1, 2 and 3. 

Next it may be inquired if the traffic on the road will in- 
crease with the number of automobiles. If we double the num- 
ber of automobiles, will we double the number of cars on the 
roads against which maintenance funds must be obtained to pre- 
serve the surface of the road? The laws governing the use of 
the roads are obscure. The best information at hand indicates 
that road use does not increase as fast as automobile registra- 
tion. In New Jersey it is calculated that in 1940 there will be 
2,7 times as many cars as at present, but only one and one-half 
times the present flow of traffic. 

Traffic surveys are of additional value as a basis for legis- 
lation to govern the use of the roads with respect to axle loads 
and to the class of roads on which a given vehicle may run at 
various seasons of the year. 

It is a curious thing that the three neighboring states of 
Ohio, Indiana and Illinois, that have such a vital interest in 
the scientific road development, have no extensive data on high- 
way traffic. It is hoped that the Highway Commission will 
provide the necessary funds and forces to collect the needed in- 
formation through a systematic plan for traffic surveys. I am 
sure Purdue University will be willing to co-operate. 



Table No. 1. 

Population of Indiana 

Year Number 

1880 1,978,301 

1890 2,192/104 

1900 2,516,412 

1910 2,700,806 

1920 2,930,390 

1932 3,200,000 est. 
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Table No. 2. 

Automobile Registration in U. S. 

Year Number 

1916 3,512,9% 

1917 4,983,346 

1918 6,146,617 

1919 7,558,848 

1920 9,21 1,295 

1921 10,448,632 

1922 12,239,114 

1923 15.250,000 

Table No. 3. 

Automobile Registration — Indiana 
Year Number 

1913 44,738 

1914 66,410 

1915 96,615 

1916 139,117 

1917 192,195 

1918 227,160 

1919 277,255 

1920 333,067 

1921 400,342 

1922 469,939 

1923 582,882 

Possible Refjistration : 

1924 635.000 

1925 680,009 

1926 715,000 

1927 740.000 

1928 760.000 

1929 775,000 

1930 785,000 

1931 795,000 

19.^2 800,000 
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RELATION OF COST OF ROADS TO THE TRAFFIC. 



By T. R. Agg, 
Professor of Highway Engineering, Iowa State College. 

In economic comparisons of the various means that may be 
available or may be made available for conducting highway 
transportation there must be consideration not only of those 
costs that accrue on account of the vehicle, but also the highway 
costs. Actually these are closely related and quite often vary 
together. The total, or more properly the true cost of highway 
transportation is a combination of vehicle costs and highway 
costs and neither is complete with6ut the other/' 

It is difficult to ascertain the true cost of highway transpor- 
tation because the vehicles are under the ownership of millions 
of individuals, most of whom make no attempt to keep records 
of the cost of vehicle operation and the roadway is publicly 
owned and is administered by officials who may or may not keep 
complete records of cost, (usually they do not). 

The mutual adaptation of road and vehicle to the end that 
transportation costs will be a minimum is almost wholly im- 
possible under these conditions. To begin with, authoritative 
data on costs is lacking and officials cannot therefore determine 
with certainty what policy to adopt, and even if they did formu- 
late a'policy, the administrative problem of securing harmonioiis 
and concerted action by the builders of highways and the manu- 
facturers of vehicles is a tremendous one. The matter is still 
further complicated by the fact that both groups (public officials 
and vehicle manufacturers) must in the last analysis depend up- 
on public support to make their actions eflfective. The public 
cannot sense that there are broad economic problems involved 
in the development of a highway system and can but dimly 
comprehend the basic principles when they are expounded. 

The public cannot by any stretch of imagination be con- 
ceived to have more than a remote conception of the economic 
loss that results from improper highway design or construction. 
This loss is unquestionably enormous but it is made up of mil- 
lions of small items that are concealed in those every day ex- 
penses of vehicle operation or road maintenance that are taken 
as a matter of course. The only barrier to the indefinite con- 
tinuation of this economic waste is the predilection of the engi- 
neer to constantly improve his work out of sheer love of doing 
things as nearly correctly as his working relations will permit. 

The following discussion of the economic principles involved 
in providing highway transportation at the minimum cost must 
therefore concern itself with both vehicle costs and highway 
costs. 
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The development of highway systems in the United States 
has reached the stage where some clearly defined method of 
ascertaining the influence of the various types of roadway sur- 
faces upon transportation costs is needed to assist officials in 
solving properly a number of questions of administration and 
finance. It would be particularly helpful in connection with the 
selection of types of surfacing and the establishment of fair 
rates of tax imposts on vehicles, where that method is adopted 
for securing funds for the construction and maintenance of high- 
ways. 

It is becoming the policy of many highway departments to 
proceed on the theory that a considerable part of the cost of the 
construction and maintenance of highways should be borne by 
vehicles that use them. It often happens that types of roadways 
are constructed, or old roads continued in service, that require 
maintenance expenditures in excess of the service value of the 
roadway surface and therefore place an undue burden on the 
maintenance funds. 

In the past it has been the custom to assume that in general 
a road surface was worth its first cost, and that the relative 
values of various classes of highway surfaces were correctly 
indicated by their relative prices. Now it is beginning to be 
recognized that price is merely one factor to be considered in 
comparing types of surfaces, and that the actual value of the 
surface is dependent upon factors only indirectly related to first 
cost or contract price. 

Value is defined in various ways in dictionaries, and, with 
reference to its use in the science of valuation, by authors and 
authorities on valuation. Nearly all of the definitions that appear 
in treatises on the science of valuation carry the idea that value 
is related to income producing ability and, since highways do 
not produce income in the commercial sense, it is necessary to 
arrive at a somewhat different conception of value as applied to 
public highways. This may be accomplished by considering that 
highways are intrinsically valuable because they are an essential 
element of a service people desire and are willing to pay for. 
The value of a specific roadway surface depends upon its effect 
on the cost of transportation. The determination of appropriate 
improvements for a specific highway and the selection of types 
of surfaces becomes a problem of evaluating the effect of those 
improvements on the cost of highway transport. 

There is not at present sufficient available information to 
permit accurate transportation costs to be established but there 
are fragmentary data that permit of comparisons that are con- 
siderably better than outright guesses. When more attention 
is given to the analysis of highway transportation costs, there 
will be more systematic cost keeping and the basic data needed 
will gradually become available. 
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Since the highway transportation plant may not be operated 
for direct profit, its value cannot be based upon ability to pro- 
duce income but may be expressed in terms of the quantity of 
transportation service produced per unit of expenditure. Ob- 
viously the cost of transport will depend in part on the type of 
vehicular equipment, but considering the equipment existing in 
any locality, comparative values for various types of highways in 
that location may be estimated. 

If it be admitted that the value of a highway is measured 
by the quantity of service it renders per unit of expenditure 
there remains the need for adopting some measure of this. service 
that will t^ke into account variations in width of highways and 
density of traffic. British engineers express this quantity in 
terms of annual cost per sq. yd., per ton of traffic per yard of 
width, but it appears that. a more convenient unit for use in the 
United States would be annual cost per mile of surface one foot 
wide, per ton of traffic per foot of width, or more concisely, 
annual cost per unit of road, per unit of traffic. 

A unit of this character presupposes that there is a reason- 
ably definite life tonnage for each type of construction. In any 
one locality the traffic is reasonably stable in character and it is 
probably true that for any specific type of construction there is 
a reasonably definite life tonnage, but since deterioration of a 
road surface is in part due to the elements and in part due to 
kind as well as quantity of traffic, that type might not have an 
identical life tonnage in all localities. It is also probably true 
that the life tonnage will depend somewhat upon the annual 
tonnage, since deterioration is in part a function of time. Cer- 
tain types of roadway surface deteriorate more rapidly if there 
is no traffic than if there is a reasonable amount of traffic and 
with nearly all types of pavement surfaces the cost of mainten- 
ance per unit of traffic decreases with an increase in traffic, at 
least up to a certain critical traffic density. 

Having determined the vehicle cost per ton-mile for any 
type of surface and the cost of the highway per ton of traffic, 
the total cost of highway transport is obtained by adding the 
two quantities. Since this quantity will vary with the volume 
and character of the traffic, general tables cannot be prepared, 
but must be computed for each group of highways of compara- 
ble nature. To illustrate the results of such an anlysis Table I 
has been prepared which is applicable to many highways in the 
upper Mississippi Valley. Care should be exercised to insure 
that vehicle operation costs applicable to the locality are used. 
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Table No. I. 
Total Annual Cost of Transportation in Dollars Per Mile. 

(Assuming 90% of tonnage is automobile and 10% truck. 50% 
of trucks on pneumatic tires, and 50% on solid tires.) 

~27o;ooo' 



Annual Traffic In Tons 



Ordinary Earth 

Best Earth 

Ordinary Gravel 

Best Gravel 

W. B. Macadam — . 

Bit. Macadam 

Sheet Asphalt 

Asph. Concrete 

Av. P. O. Concrete 
Best P. O. Concrete 
Vitrified Brick 



36,000 



672 
,530 
,761 
,649 
,166 
,301 
,636 



,011 



90,000 



11,411 
10,718 
11,016 
10.434 
12,597 
12.083 
10,951 
10,947 
10,563 
9,958 
10,990 



180,000 

I 

i 
9 

I 



I 

7,(7>3 



31.328 
31,868 
29,711 
31,691 
31.162 
28.674 
28,661 
28,266 
26.451 



450.000 640.000 



52,043 
52.n8 
48.992 
51.325 
49.577 
46,398 
46.378 
45.967 
42.941 
46.396 



126.000 
97.182 

100,319 
96.507 
90.702 
90.648 
90.22S 
84.173 
90,648 



Editor's Note: A more complete presentation of this subject including several 
diagrams and tables will be found in an article by Professor Ascg in the "Ensrineerins 
News-Record" of January 10. 1924. 



DEVELOPMENT OF HIGHWAY SURFACES. 

By C. M. Upham, 
Chief Engineer, North Carolina Highway Commission. 

In North Carolina every attempt has been made to immedi- 
ately apply the results of research. Almost every step in con- 
struction is being studied in detail and when anything of value 
is discovered, it is immediately applied to construction on a large 
scale. 

Possibly the road that can be considered as the most im- 
portant in road building and the one that gives the best road 
service is the one that is termed the development road. A com- 
munity usually undergoes a rapid development immediately af- 
ter roads are constructed. In some communities this develop- 
ment does not take place for several years and in others it takes 
place immediately after the roads are improved. Therefore, the 
development roads, regardless of what type is selected, must be 
constructed in such a manner that they may be improved to the 
next higher step of road construction, so that when the communi- 
ties develop it is possible to better the road without losing that 
part of the road that is already constructed. Progressive type 
roads take care of this feature. 

In many states development roads are being constructed 
largely from local materials. In North Carolina the sand asphalt 
roads are becoming one of the chief development roads. This 
road is being constructed in the communities where there is an 
abundance of sand. A road of this character contains approxi- 
mately 92 percent sand and 8 percent asphalt ; therefore, 92 per- 
cent of the road is of local material. This road is being con- 
structed single and double track at a cost of $1.38 per square 
yard to $1.90 per square yard. Hard surface roads in these com- 
munities would cost from $2.80 to $4.50 per square yard. The 
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public is receiving a road service at a comparatively low cost and 
is getting just what it needs for the present. 

In another locality in North Carolina, where there is no 
stone for road aggregate, there is an underlying strata of marl 
rock. This rock is the result of a large deposit of shells. While 
this deposit must have at some time been on the seashore, at the 
present time it is some 8 or 10 miles from the ocean and is about 
4 or 5 ft. below the swamp. This marl rock is being quarried 
and crushed and is furnishing an excellent base for a sand asphalt 
surface. While the details of this construction were taken from 
earlier road work, still the use of this marl rock means the prac- 
tical application of investigative research. 

Another important application of research work is in the 
construction of stone veneer on earth roads. In the south there 
is an exceptionally large mileage of earth roads, consisting 
mainly of sand clay, topsoil and gravel types. The bearing power 
of these roads is high and the strength is great. There is still 
a great problem surrounding these roads, since they offer very 
little resistance to abrasion, and have with them the dust problem 
as well. Thus, the problem in this particular instance is to secure 
some means of protecting the surface against abrasion and to 
abate the dust nuisance. This seems to have been found in the 
stone veneer surface where the quality of an asphalt wearing 
surface is combined with the strength of an earth road. There 
have been several attempts made in applying bituminous mate- 
rial to earth roads. These in general have been unsuccessful, 
due to the fact that if the bituminous material was sufficiently 
light to penetrate the surface, it had no binding power or strength 
whatever, and if the bituminous material was sufficiently 'heavy 
to have a binding value, it would congeal on the surface and peel 
off, due to the fact that a dust mat was formed underneath the 
bituminous material. This problem seems to have been answered 
by applying a layer of stone of approximately 3 inches in size 
to the earth road surface and rolling it partly into the surface, 
after the surface has been scarified or loosened ; and then pene- 
trating the top of the stone with bituminous material of a con- 
sistency to give sufficient strength to hold the material in place 
and afford resistance to wear. This bituminous material is then 
covered with proper sized stone and rolled and opened to traffic. 
The stone is held in place from below by the earth road and has 
become an integral part of it. The bituminous material holds 
the stone in place on the surface and affords a resistance to traf- 
fic abrasion. Thus, we have a combination of the strength of an 
earth road and the wearing qualities of an asphalt pavement. 
This again is the practical application of research work. 

Editor's Note: A more extensive discussion of this subject will be found in an 
article by Mr. Upham in "Engineerinsr and OontractinK" issue of January 2, 1924. 
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ECONOMY TO THE PUBLIC OF GOOD 
HIGHWAY MAINTENANCE. 



By S. C. Hadden, 
Secretary, Allied Motor Commerce of Indiana. 



In a discussion of the economy to the public of good high- 
way maintenance it is inevitable that some figures be quoted. 
That it costs less to propel a vehicle of any kind over a good road 
than over a poor one is an elemental truth. It is so self-evident 
that any man will admit it without argument and then proceed to 
forget about it, or ignore it, or act as if he never heard or thought 
of it. He admits the truth but is likely to resist its application. 
It is to the latter phase of the matter that special attention will 
be given by the present speaker. The first figures given will 
show the economy to the public in maintaining a good highway 
as compared with a fair one or a poor one. 

Probably every man here operates a motor vehicle. All have 
observed that gas and oil go further on good roads than on bad 
and the same is true of tires. Just a few days ago a bus owner 
gave me some interesting figures on tire performance on con- 
crete and gravel roads. He operates a bus line from Indianapolis 
to Richmond and another between Indianapolis and Blooming- 
ton. On the Richmond line he operates units made up of a 2V2- 
ton G. M. C. truck chassis with heavy bus body. On the Bloom- 
ington line he uses Studebaker 7-passenger touring cars. He 
uses the same size and make of cord tires on the rear wheels of 
the touring car as on the rear wheels of the truck. On the Rich- 
mond run, which is entirely over concrete roads, these tires are 
good for 28,000 miles. On the Bloomington run, which is all 
gravel, he never gets over 12,000 miles. Here is a case where all 
other factors affecting tire deterioration have been eliminated 
because of the rapidity of the wear due to intensive service and 
the concrete road is giving more than double the tire mileage of 
a first class gravel road. I have had other figures on the saving 
of tires by hard surfaced roads which are in close agreement with 
those here given. 

When it comes to saving in gasoline, tests have shown that 
with gasoline at 24c a gallon, the cost of gasoline per ton mile 
on a dirt road is 1.71c, on gravel is 1.15c and on concrete 0.77c. 
Another way to state the comparison involving gasoline con- 
sumption on these three types of road is that concrete gives 31 
ton-miles per gallon, gravel 21 ton-miles and dirt 14 ton-miles. 

At a time when road building is going forward more rapidly 
than ever before in the world's history it may seem strange to 
many to speak of highway development as lagging, but that it 
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is lagging behind the development of the agency that called it 
into being, namely, the motor vehicle, can easily be shown. 
There is small danger that we will build modern highways too 
fast, but there is real danger that the present rate will not be 
sustained unless the people are made to realize that it is cheaper 
to have good roads than poor ones. 

Mr. Thomas H. MacDonald, Chief of the U. S. Bureau of 
Public Roads, whose great ability more than out-matches the 
duties of his high office, recently formulated this fundamental 
principle: "Lack of a complete trunk line highway system is a 
greater economic cost to the public than the cost of constructing 
it.*' He also said: "Until a state has completed the backbone of 
its trunk line system with suitable paved or surfaced highways, 
the rate of construction should be independent of the source of 
the revenue or the method of payment for the work. For the 
use of the principal highways is so extensive that the people 
pay for adequate highways whether they have them or not, and 
they pay less if they have them than if they have them not." 
This is, undoubtedly, true but the general public has not thought 
of the matter in this light. 

That we are not now spending anything like as much on 
rural highways, per motor vehicle in operation, as we did in the 
year 1904, is a matter of record. In 1904 there were, in the en- 
tire country barely 58,000 motor vehicles and these were nearly all 
passenger cars. In 1914 this figure had increased to 1,711,399; 
in 1919 it was 7,530,105 and in 1923 reached approximately 14,- 
000,000 motor vehicles. Now compare the rural highway ex- 
penditures for the same years: 1904, $59,527,000; 1914, $240,264,- 
000; 1919, $389,456,000; 1923, $800,000,000. Thus it will be seen 
that the rural highway expenditure per motor vehicle in opera- 
tion in 1904 was $1,026; in 1914, $140; in 1919, $52 and in 1923, 
$57. This expenditure in 1923 was only 5 per cent of what it 
was in 1904. 

The 14,000,000 motor vehicles in operation at the end of 1923 
represented a purely voluntary investment by the American 
people of at least ten billion dollars. The cost of operating these 
vehicles in 1923, on the basis of an average mileage of 4,000 at 
10c per mile, was $5,600,000,000. Now if we can save just Ic 
per vehicle, per mile, by improving our roads, and this can be 
done, we would save $560,000,000 each year, on the number of 
cars in use in 1923. Of course this saving will increase as the 
number of cars increases. Even this figure, capitalized at 4j/^ 
per cent would justify an investment of $12,500,000,000. 

It is always good business to spend money to save it. The 
railways have often spent large sums of money to rectify line 
and grade, for example, in order to save on operating expenses. 
Every motor vehicle owner is in the transportation business: 
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the business of transporting himself, if nothing else. He can be 
made to see that his annual investment in transportation will 
grow progressively less from year to year as the roads he uses 
are improved. 

The people of Indiana have been deliberately, systemati- 
cally and persistently misled and mis-educated with respect to 
motor vehicle license fees. For years these fees were far too 
low ; so low as to keep the State Highway Department poor and 
unable to keep up with its Federal Aid. The new law brings 
these fees up to where they are in other states and will, if held 
valid, enable Indiana to move forward with her program of high- 
way improvement. It should be evident to everybody that since 
Indiana cannot bond for State highways we must finance these 
highways largely out of motor vehicle license and gasoline fees. 
The State Highway system should be tlie first concern of all of 
us for we are, first of all, citizens of Indiana and only second- 
arily are we county, township, or city officials, educators or 
business men. We should test every proposal of highway finance 
first by this criterion: "will it rob the State Highway Depart- 
ment?" If so, the proposal, however excellent otherwise, needs 
modification in this particular. 

And, finally, maintain means **to carry on without interrup- 
tion." That is what we must do in this highway movement for 
it is false economy to save money on roads and put it into ve- 
hicle operating expenses. The people must be made to see this 
is not a fad, or even a matter of convenience and comfort, but is a 
clean-cut business proposition. 
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THE PRESENT AND FUTURE INDIANA 
STATE HIGHWAY SYSTEM. 



By Earl Crawford, 
Commissioner, Indiana State Highway Commission. 



Mr. Crawford gave a splendid resume of the past, present and future 
work of the state highway department. The following points are taken 
from the editor's notes as the speaker did not present a paper. — Editor. 

Many of our state roads were created by legislative acts 
during the period of 1821 to 1840. About all the state did was 
to fix the width and clear the right-of-way. All repairs were 
made by local farmers. For many years we worked under the 
system of permitting the farmers to work out the road tax. This 
system has proved to be an absolute failure, especially since the 
advent of the automobile. 

In 1917 a law was passed creating a state highway commis- 
sion, but it was held up two years by a test suit. In 1919 this 
law was repealed and a new one passed under which we are 
working at present. The law provides that the commission shall 
lay out a system of state roads touching every county seat and all 
towns of 5,000 population or over. But we have gone farther 
and our system now reaches every town in the state of 2,500 
population or over with the exceptions of Gas City, Dunkirk and 
Nappanee. 

At the present time there are 4,100 miles of road in the 
state system. Eventually this will be increased, (as funds are 
available), to approximately 5,000 miles to comply with the F'ed- 
eral Aid law specifying that each state must take over seven 
percent of its entire road mileage as a state system. 

About 800 miles of our state roads are now paved. Our pro- 
gram, based on increased revenue from gasoline tax and auto 
license fees, provides for increasing this total to 1,500 miles by 
the end of 1925. This is two percent of the total road mile- 
age in Indiana and will reach 66 counties, serving 50 percent of 
the state population. 

Indiana has approximately 72,000 miles of roads of which 
39,000 miles are improved. This is the greatest mileage of im- 
proved roads of any state in the U. S. 

Federal Aid funds are provided to help construct and re- 
construct approved roads in state systems. By the end of 1925 
we will have $6,000,000 of Federal Aid money available which 
we will match with state funds to complete our two-year pro- 
gram. Indiana is receiving Federal Aid at the rate of about 
i^2,aO,CCO a year. 
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RECORDS AND ACCOUNTS OF COUNTY OFFICIALS. 



By Lawrence F. Orr, 
State Examiner, Indiana State Board of Accounts. 



Through the installation of a uniform system of accounting 
in Indiana which was first undertaken in 1910 by the State 
Board of Accounts under the provisions of the Public Account- 
ing Law, and by the revision of certain forms from time to time, 
many thousands of dollars have been saved to the tax payers of 
the state. Prior to this, careless and crude methods of every sort 
were in use, and in some places the officials' individual check book 
and bank pass book were the only records kept for the transac- 
tion of official business. In some instances certain officials in 
smaller places would rely entirely on their memory in order to 
make reports of their aflfairs at certain periods. 

One of the main functions of the State Board of Accounts 
has been the installation of uniform records, and compelling the 
use of same. However, it might be said in this connection that 
public offi'cials as a general rule have willingly co-operated with 
the Board in keeping such prescribed records. 

Through the period of 13 years which has elapsed since the 
installation of the forms prescribed, revision of certain forms and 
parts of same have been made when the occasion demanded. We 
have now come to a point where it is necessary that all forms of 
records be carefully studied by our department with a view of 
complete revision to suit modern methods of accounting and 
simplifying the manner of keeping such accounts. 

Our purpose in undertaking this complete revision is not 
only to provide an up-to-date, clear, and efficient system but to 
expedite the work of the public officials, which in many instances 
has increased materially in the last 10 years. It is our object to 
make the accounting system of all offices produce the same re- 
sults as now required, without losing sight of any detail ; but 
nevertheless to simplify the matter of keeping such records in 
order that the accounts will be an open book to the public and 
that the public may not be bewildered by any complex system of 
reckoning which may leave them in the dark as to whether or 
not their money has been properly expended. 

New forms of accounting were prescribed about a year ago 
for the office of the Highway Superintendent. We have found 
as a general rule that these forms meet with the approval of the 
superintendents of the state as well as with the approval of the 
county auditors and boards of county commissioners. They af- 
ford a true, complete, and exact record of aflfairs when the sys- 
tem is carried out entirely as prescribed. These forms not only 
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provide a systematic method of accounting, but are a safe-guard 
fot the Assistant Highway Superintendents, the Highway Super- 
intendent, County Auditor, and Boards of County Commission- 
ers in administering their duties pertaining to the repair of free 
gravel and improved roads of the county. 

I want to urge that the Highway Superintendent in making 
his annual estimate of expenses pertaining to the repair of roads 
for the ensuing year, should take into consideration carefully all 
things necessary therefore, so that the tax levy can properly be 
made and proper funds sufficient to carry out the year's program 
be appropriated. Due sometimes to overlooking certain necessi- 
ties that are sure to arise during the year, or with a view of not 
facing these things until th6y actually occur, the estimates have 
not been properly made, and the fund is depleted, causing many 
claims to be presented which cannot be paid, resulting in embar- 
rassment for the Highway Superintendent, County Auditor, and 
County Commissioners, and causing a situation which is hard to 
explain to local tax payers. Under the provisions of the statutes, 
no over-drafts can legally be incurred. The legislature is then 
called upon to legalize and authorize the borrowing of money 
to pay these claims which have accumulated due to lack of funds 
for the repair of the improved roads of the county. If proper 
estimates are made, such conditions as a rule would be generally 
prevented. The Highway Superintendent and his Assistants by 
being particular in administering the duties of their offices can 
perform efficient services in their communities, and if due econ- 
omy is used, they can keep the roads in condition contemplated 
by the statutes, and to the best interests of the taxpayers and 
traveling public. 

Law Governing Expenditures of Road Funds. 

It might be well at this point to call attention to certain 
provisions of the statute relative to the repair of gravel roads and 
the duties of the Superintendents. The law provides that annu- 
ally, at least 30 days before the road levy is fixed for the road 
repair fund, the County Highway Superintendent shall file with 
the Commissioners a report disclosing the ways and means 
which in his judgment should be employed during the coming 
year in order to take care of the roads under his supervision to 
the best advantage. This report shall include an estimate of 
machinery, implements, transportation facilities, road material or 
other equipment that may be needed to maintain properly the 
roads under his supervision for the ensuing year. The law fur- 
ther provides that the Board of County Commissioners shall 
give such report their careful consideration and either aporove 
or alter and approve same, and recommend to the County Coun- 
cil a sufficient levy for the coming year so as to provide funds 



Digitized by VjOOQIC 



74 PURDUE ENGINEERING EXTENSION SERVICE 

which shall be used to carry out the provisions specified in said 
report. In the matter of repair of bridges and culverts, the Su- 
perintendent shall make no expenditure for such purposes in ex- 
cess of $50.00 without the approval of the Board of County Com- 
missioners. Whenever an expenditure of more than $100.00 is 
necessary for any bridge or culvert, same shall be expended as 
heretofore provided by law. Since the statute requires that such 
expenditure be made "as heretofore provided by law,'* such ex- 
pense should be paid from the appropriation for bridge repair 
of county revenue wherever same shall exceed $100.00; other- 
wise, from the gravel road repair fund, and contracts therefore 
shall be let upon competitive bidding. 

In the matter of the purchase of road and bridge repair 
material, and for tools and machinery necessary, the statute 
states same shall be purchased in the manner provided by law. 
In referring to contract to be made "in the manner provided by 
law," the statute contemplates that purchases shall be made upon 
competitive bidding only. It is not necessary that specific ap- 
propriations be made from the free gravel road repair fund for 
the purpose of entering into contract for the purchase of cer- 
tain material, machinery and tools, since the fund itself is a spec- 
ific fund provided for by statute, to be used for a specific pur- 
pose, viz : repair and maintenance of the improved roads of the 
county. However, it is necessary that contract should be made 
upon competitive bidding in making such purchases, since the 
statute clearly provides that same must be done in accordance 
with the manner provided by law. 

In case a petition has been filed with the County Commis- 
sioners asking for the improving of a township road, and the 
County Commissioners have finally granted such petition and 
made an order of record that the road be established, the up-keep 
of same is then with the county and not the township, pending 
the letting of contract and issuing of bonds for such improve- 
ments. 

If certain streets in a city or incorporated town have been 
constructed by the Board of County Commissioners under the 
provisions of the statute providing for the construction of such 
improved roads by taxation of property by such township con- 
taining such city or town, including the property within such 
city or town, and necessary repairs are made by such city or 
town, the cost of such repairs is to be paid by the county from 
the free gravel road repair fund. 

Claims duly verified should be filed with the county Audi- 
tor, such claims to be fully itemized as provided by the statute. 
The statute makes it mandatory upon the county, to pay for 
such repairs made by such city or town. 
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Inventory of Equipment. 

It is our further aim to make a public office more of a busi- 
ness institution, and to that end we will recommend that all 
officials who have charge of any public property should keep a 
complete inventory of same. Ihe total expense of county gov- 
ernment when considered merely as expense, often-times seems 
very large, but if something tangible can be shown for such ex- 
penditures, or a part of same, in the way of machinery, equip- 
ment, tools, supplies on hand, and buildings and land purchased, 
we will then have something in lieu of money so expended. In 
other words, the total expended may be decreased by these assets 
and the net amount will be the sum for which nothing tangible 
remains but nevertheless represents the true running expenses 
and maintenance cost of operating the county^s business. The 
keeping of such an inventory we regard as good business, and we 
regret to state that such a method has not been pursued to any 
extent in the state. 

Under present conditions it is very easy for a typewriter to 
disappear (I do not mean the stenographer) in an office where 
there are several in use, or a quantity of supplies for the office 
may take leave of absence. Even in your own departments vari- 
ous tools or even machinery may be lost unless a proper inven- 
tory is kept showing the equipment owned that is in use, and 
how and where same is disposed of from time to time. Without 
such an inventory throughout the institutions, departments and 
offices, no county can know its true worth in the matter of pub- 
lic property owned. This same condition also applies to town- 
ships and various corporations of the state, as well as to some 
departments of state government. I have no doubt thousands 
of dollars have been lost to the public by lax methods and care- 
lessness in keeping a watchful eye on the public property. 

Our department is already studying these conditions and will 
install and prescribe proper forms for inventories and reporting 
upon such property, just as soon as possible. We believe such a 
step will be in the direction of the more proper administering of 
public offices by those who have been chosen by the people to 
represent them in their public affairs. 

We believe that a close study of office methods generally 
in these offices and departments will result in a great deal of good 
and in a saving of a large amount of public funds. Our aim is 
not to criticize in these things, but we believe that in the ad- 
ministering of the Accounting Law in the matter of supervision 
and inspection of public offices we should do all things possible 
in the interest of the public. We desire to be courteous in our 
treatment of public officials and seek the co-operation of such 
officials in the discharge of their official duties in a businesslike 
and careful manner. 
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The State Board of Accounts through the Department of 
Inspection and Supervision of public offices, has duties of vast 
importance to perform for the public and the most important of 
these are as follows: 

1. Examination of all public offices, town boards, institutions 
and departments of state, county, township, city and town 
governments, making in all more than 5,000 examinations to 
be made annually. 

2. Examination of public contracts upon petition therefore in 
order to ascertain whether the contractor has carried out and 
complied with the terms of his contract and the plans and 
specifications. 

3. Examination of plans and specifications of public buildings, 
in order to ascertain whether same provide for free and open 
competition among bidders. 

4. Prescribing and installing of uniform records in public offices 
and compelling use of same. , 

5. Extending of timely advice to public officials in the matter 
of the provisions of the statute pertaining to their offices 
upon the theory that **an ounce of prevention is worth a 
pound of cure." 

These are all functions of the most importance and vital to 
the public, and must be administered in strict compliance with 
the statute and the purpose for which the Legislature intended, 
in passing the Public Accounting Law. 

In the examination of public funds, the Legislature wisely 
provided that such examination should be made annually. Where 
examinations are delayed, the official sometimes becomes care- 
less and errors creep into his work requiring much more time 
to be spent by examiners than if only one year's work were to be 
audited and examined. 

We are using our best endeavors to bring up the work so 
that examinations can be made every year. Any attempt by the 
Legislature to limit the Board of Accounts in its examinations, 
to the making of same at the end of a term of an official instead 
of annually, will be a backward step and will cripple the admin- 
istering of the public accounting law. If such an official desired 
to be dishonest, he could not only withhold funds from the de- 
pository and use same to his own personal advantage, but would 
have every opportunity to make a "get away" before examiners 
could complete their work, if examinations were to be delayed 
until the end of his term. Annual supervision not only has a 
repressive effect upon an official who is unscrupulous, but it is a 
source of help and assistance to the official who desires to ad- 
minister the affairs of his office in a conscientious painstaking 
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manner. However, I desire to state that most officials are honest 
and desire to be faithful to the trust imposed upon them. 

A business concern will require audits to be made of its af- 
fairs at stated periods and does not for a moment consider wait- 
ing until its head bookkeeper or auditor leaves the company be- 
fore making an audit and investigation of his accounts. 

Examinations of Contracts. 

The department has before it many petitions alleging that 
public work has not been performed according to plans and speci- 
fications. Such petitions have been filed pursuant to the provi- 
sions of the 1923 Act, which is supplemental to the original Pub- 
lic Accounting Law. Since the act became effective March 7, 
1923, we have through examinations and reporting upon such 
contracts and by means of court decisions supporting our find- 
ings, caused a saving of $60,000 to the taxpayers of the 
state. These figures apply only to those cases which have been 
settled. 

There are many others which are now pending on our rec- 
ords and in course of settlement. Three typical examples may 
be cited as follows: 

1. A contract was awarded by a certain town for the construc- 
tion of a sewer at an approximate cost of $104,000.00. The 
report of our Examiner upon this contract showed that catch 
basins were not constructed in accordance with the plans and 
specifications, in that said basins had not been plastered as 
required. House connections with said sewer were con- 
structed in a way as to prevent the flow of water from the 
house. 

Jt appears that proper excavation was made at the house and 
at the point of connection with the main sewer, but between 
these points it was found that the sewer was not placed at a 
proper depth thereby permitting the sewer to be much higher 
near the middle than it was at each end. 

It was found that it would require $9,661.24 to complete this 
contract in accordance with the plans and specifications. It 
was admitted to this department by the contractor that the 
estimate of the amount required, made by our engineer, was 
approximately correct. 

2. In a certain town a contract was awarded in 1923 for the im- 
provement of seven streets, using a concrete base covered 
with asphalt, at an approximate cost of $170,000.00. 

tJnder the specifications the concrete was supposed to be a 
thickness of 5 inches and the asphalt 2 inches. After the con- 
crete base had been finished in all the streets and most of the 
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asphalt laid, this department was petitioned to make investi- 
gation and examination of the improvements, to determine 
if there had been a compliance with the specifications, by the 
contractor. It was found that the concrete was improperly 
mixed and was not the required thickness in many places by 
from 1 inch to 2]/^ inches, and in many instances was so soft 
that water which had fallen the night before our investiga- 
tion, had penetrated thru and was standing on the sub-grade. 
Catch basins were improperly constructed in that they had 
not been built to their required dimensions. Curbing was 
placed on clay soil with no foundation whatever. It was 
further shown that the asphalt was not of a proper mixture. 
This case is now in court, and a decision will be given later. 
3. A contract for the improvement of certain streets in another 
town was awarded at an approximate cost of $40,000.00. 
Our examiners found this improvement was not constructed 
in accordance with the plans and specifications, and the 
property owners brought an action against the contractor 
and the town board, and the court found that the contractor 
had completed only 65% of his contract and rendered judg- 
ment accordingly. 

In each of the foregoing instances the engineer of the munici- 
pality, and the inspector in charge, as well as the contractor, had 
made their sworn statement that the work had been done in ac- 
cordance with the plans and specifications. 

The statutes provide that our department shall make such 
investigations upon the petition of 25 or more taxpayers alleging 
that local relief has not and cannot be obtained. In some cases 
we are not able to make the examinations where there is com- 
plaint, owing to the fact that there are less than 25 taxpayers 
affected by such improvement. This situation exists in the case 
of certain street improvements in cities and towns. The statute 
should be remedied in this regard. 

The Act should also provide for such inspection upon the re- 
quest of officials who have jurisdiction over such public work, 
since many times such officials prefer that examination be made 
and do not desire to circulate a petition, or if they do circulate 
such petition are unable to obtain sufficient signatures to cause 
an investigation. 

In the extending of advice to public officials, we have cited 
the laws in thousands of instances and thereby placed officials 
on the right track in the pursuit of the duties pertaining to their 
offices. Those who have been willing to follow the provisions of 
the statute have acted accordingly. In some instances officials 
have taken certain fees and allowances of which they were either 
in doubt as to their legality, or else were aware that such allow- 
ances were contrary to law. 
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If an officer has obtained allowances illegally, or expended 
funds illegally, our department has no authority, in view of the 
statutes, to release him from any illegal action. Political influ- 
ences will have no bearing in such cases. The statute must be 
followed. If it is fair to release one officer on the charge of illegal 
procedure, it is fair to do so by others who have followed a like 
course. If our department condones such things, the very foun- 
dation of the public accounting law will be destroyed and it 
might as well cease to function. 

Examination of accounts and reporting on same must be 
kept free from any political influences. The Board must pursue 
its course on a business-like basis. It is vital that the citizens 
of the state should have faith in the State Board of Accounts, 
and its affairs must be administered in an honest, careful, prudent 
and conscientious manner. 



SAFETY AND UTILITY FACTORS AT RAILROAD 
CROSSINGS OF ROADS AND STREETS. 



By L. F. Shedd, 
Superintendent of Safety, C. R. I. & P. R. R. Co. 



Mr Shedd's talk was highly interesting and instructive. Since he 
did not present a paper we are only able to print a few notes jotted down 
as he was talking. — Editor. 

Considerably more fatalities occur in railroad crossing acci- 
dents than in accidents or wrecks on trains themselves. During 
the year of 1922, on one-half of the railroad mileage in the U. S. 
there was not a single fatality among the passengers. This is re- 
markable when we consider that we have approximately 265,000 
miles of railroads. 

There are, in round numbers, 250,000 grade crossings, or ap- 
proximately one to every mile of R. R. line. A very conservative 
estimate of the average cost of eliminating these crossings is 
$50,000. This accounts for the slow progress of grade separa- 
tion, although a large number of the more dangerous grade cross- 
ings are eliminated each year. 

With the coming of the automobile, crossing accidents have 
been enormously increased. In a big percentage of the cases the 
driver is directly responsible, due to absolute disregard of sta- 
tionary signals, mechanical warnings and even crossing watch- 
men. In a total of 207 crossing accidents on the N. Y. C. R. R., 
70 per cent occurred at open crossings where the view was un- 
obstructed. 

The railroads stand ready to co-operate in reasonable 
methods of reducing these accidents. However, the drivers them- 
selves must carry a great share of the responsibility. 



Digitized by VjOOQIC 



80 PURDUE ENGINEERING EXTENSION SERVICE 

SIGNS, GUARD FENCES, AND CROSSINGS. 



By James L. Tucker, 
Clay County Highway Superintendent. 



The great evolution in modern traffic and travel has made 
these three items of most vital importance. "Safety first" is the 
slogan the world over. Danger is the bane of the highway to- 
day and must be eliminated. Last year, according to reports, ap- 
proximately 15,500 persons lost their lives in automobile acci- 
dents and probably three times that many were injured. To this, 
add the heartaches and privation and increased taxes and prop- 
erty loss, and you have a sura totalling such a gigantic figure 
that we begin to wonder if the advaatages are worth the price 
we pay. Remember, too, that this is only in its infancy, that it 
is increasing in almost geometrical progression and I shudder 
to think what the result will be unless we take radical steps to 
eliminate danger. Three things evidently must be done, viz : we 
must warn the public by posting proper notices; drivers must 
be educated to realize their responsibilities and heed the danger : 
drastic laws must be enforced against offenders. 

I heard a story of a young man who took his best girl to 
the fair. Being short of money and noticing a vendor's sign 
which read, "Ice cream $2 a gal.", he remarked, "Law me. Sue, if 
it takes as much for a feller as it does for a gal., we'd better let 
ice cream alone and stick to lemonade." Some people are about 
as ignorant in reading danger signs. Some are so possessed of 
the dare-devil spirit that they would rush pell mell into danger, 
even if a Demosthenes or a Cicero were shouting warnings into 
their ear with a megaphone. Some way must be found to deal 
with this class of offenders. They must neither be allowed to 
commit suicide, nor endanger the lives of law abiding citizens, 
who, contrary to their opinion, have a perfect right to travel the 
public highway in safety. 

I had thought that the law of the survival of the fittest might 
operate in this case, but it doesn't seem to do so. When I meet 
a saphead driving fifty miles an hour around a dangerous bend 
and I am forced into the ditch to protect my life and flivver, I 
am rather disposed to frown on the theory of evolution in gen- 
eral and Darwin in particular. The strong arm of the law must 
be invoked to curb this class of offenders, and the sooner we force 
the bit into their mouths the better it will be for all concerned. 
I saw a report recently in a highway magazine, where out of 
1909 accidents on one railway system 409 automobiles ran di- 
rectly into the train and 122 broke through the crossing gates. 
Most of these accidents can be attributed to reckless driving. 
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While signs are disregarded by some drivers, I strongly 
favor their erection and the erection of guide posts in giving di- 
rections and distances to important points. I am strongly in 
favor of their being placed by men who are authorized to do this 
and may be held responsible. It is high time that counties take 
this matter entirely into their own hands, instead of leaving it 
to unscrupulous dealers and business men who have no other 
purpose in erecting them than advertising their wares or di- 
recting the motorist to a place to have his flivver mended. They 
erect them at the most conspicuous points to catch the eye of 
the public, and many of them where there is no danger what- 
ever, often resulting in serious accidents by causing drivers to 
disregard signs which are correctly placed. The old adage, **The 
truth itself is not believed from one who often has deceived," is 
applicable here. 

A notable improvement in beautifying the roadside has been 
started near the village of Riley, in Vigo county, whert a beau- 
tiful pavement crosses an artistic bridge over Honey Creek, 
following the line of the old Louisville Road with its graceful 
curves. Guard rails have been erected for a distance of more than 
one-fourth mile and painted white. An organization of ladies 
has planted climbing roses near each post. This will be one of 
the beauty spots of the country when the roses attain maturity 
and are laden with their wealth of bloom. Thousands of like 
places can be found in Indiana, where with very little expense 
and care, an otherwise dismal spot could be transformed into "A 
thing of beauty that would be a joy forever." 

A story is told of a French boy who had his servant awake 
him every morning with the words, "Arise, Monsieur, you have 
great things to do today." Highway superintendents and road 
officials have a great responsibility. They are going to leave 
their stamp upon their county, state, and nation just in pro- 
portion to the eflfort they put forth to make each dollar of the 
taxpayers* money count to produce the desired result. That re- 
sult is not alone to build serviceable roads and maintain them, 
but to bring about conditions that will be safe for your family 
and mine and all others to travel the public highway without the 
continual nightmare of an impending calamity. It is also to help 
beautify "these little brown roads of Indiana," so that they may 
add much to the happiness of our own people and the stranger 
that is within our gates. 
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SPECIFICATIONS. 



By Ben H. Petty, Asst. Prof, of 
Highway Engineering, Purdue University. 

In considering a set of specifications it must be borne in 
mind that there are three parties involved, namely, the buyer, the 
contractor and the engineer. Most troubles over specifications 
are the result of each of these parties perisisting in interpreting 
them according to his own particular viewpoint without regard 
to the rights and considerations of the others. It has been said 
that the great confusion of tongues and resulting failure in the 
building of the Tower of Babel was probably caused by a dis- 
agreement over specifications. Specifications should be so writ- 
ten that the buyer, (the taxpaper in the case of public improve- 
ments), gets what he pays for and pays for what he gets. 

It usually falls to the lot of the engineer to write up the 
specifications for various types of construction work. The writer 
should critically analyze his specifications, first as the buyer, 
then as engineer and finally as contractor. Viewed carefully 
from these three viewpoints, the specifications can be so shaped 
that they will adequately safeguard the interests of all parties 
concerned. 

Specifications are interpreted primarily by the inspector and 
the contractor. The average inspector, especially on public work 
where politics has a free rein, is absolutely incapable of properly 
discharging the duties with which he has been intrusted. In 
many cases he knows practically nothing about engineering, 
frequently being unable to read a blueprint. It is little wonder 
that construction under such poor supervision often results in 
failure. But, on the other hand, construction projects free from 
political contamination frequently move along under very in- 
competent inspection due to the very poor salaries paid for this 
work. On the average highway job, for instance, it is practically 
impossible to induce a man with the necessary training and ex- 
perience to accept a position as inspector at the low salaries 
offered, from $90 to $150 per month. 

In my opinion, the inspector is one of the most important 
men on any construction job, if not the most important. Re- 
gardless of the reputation and ability of the engineer or the ex- 
cellence of the specifications, nine times out of ten the structure 
will be made or marred by the ability of the inspector. Millions 
of dollars of the taxpayers* money are wasted every year as a 
result of economizing on inspector's salaries. 

Recently I spent a day on a county macadam road job a lit- 
tle over a mile in length. The inspector was a young, local 
farmer, apparently honest and well meaning but absolutely ig- 
norant as far as his duties were concerned. Onlv center-line 
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grade stakes had been set and as soon as the first layer was re- 
moved from cuts and first dumping made in fills, these stakes 
were gone and there was no way of telling whether the grading 
was correct or not. I asked the inspector how he knew whether 
or not the grading was finished to specifications. He said he 
had gone over the line of stakes before the work started, noting 
the cut or fill marked on the various stakes and had **sort of 
estimated" where that elevation would be on the fence along 
side. Imagine the results from such a method. And there was 
no fence along about half of the road. The road was never fin- 
ished according to specifications and the case hung fire in the 
courts for many months. Considering the money lost by the 
county on this job, they could easily have paid a capable inspec- 
tor ten, fifteen or even twenty-five dollars a day and still have 
been ahead financially as well as having the kind of road they 
ordered. 

Specifications should be interpreted upon the broad grounds 
of professional intelligence as well as common sense. Unforseen 
difficulties will arise on almost every job, requiring certain vari- 
ation from the letter of the specifications. Inexperienced in- 
spectors are prone to stick absolutely to the wording of the 
specifications in such cases thereby precipitating a battle with 
the contractor and in many cases obtaining results wholly con- 
trary to the desires of the one who wrote the specifications. 

The authority of the inspector should be clearly outlined, 
(mainly for the benefit of the contractor), and he should be re- 
lieved as much as possible from errors of judgment resulting 
from the too frequent use of the clause, **to the satisfaction of the 
engineer." 

I do not favor the arbitration clause in specifications. In 
case of disagreement between contractor and engineer, the latter 
should be the final authority. Arbitration spells compromise in 
practically every case. The engineer writes the specifications to 
get for the buyer what he pays for. Usually a compromise does 
not attain this desired aim. 

Copying specifications too freely is a dangerous habit fre- 
quently indulged in by incompetent engineers. Many counties 
possess highway specifications that have been copied blindly 
from various sources. Many of them w^ere obsolete when copied 
and have never been revised. As a resuH they are worthless. It 
is ahvays dangerous to copy highway specifications that are 
four or five years old because the designs, methods, etc., are 
changing so rapidly. The revolution of the design of concrete 
slabs resulting from knowledge gained in the Pittsburgh, Arling- 
ton and Bates Road tests may be sighted as an example. 

The standardization of paving brick, asphaltic materials, 
concrete mixers, etc., brought about by the Department of Com- 
merce under the direction of Mr. Herbert Hoover, (himself an 
engineer), has greatly simplified the work of the highway spec- 
ification writer. 
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PUBLICATIONS OF THE ENGINEERING EXTENSION 

SERVICE. 

Bulletin No. i. Fundamentals of Construction and Maintenance 
of Secondary Highways, by C. C. Albright, 1922. 

Circular No. i. Care of Roads During the Spring Break-up. by 
Ben H. Petty, 1923 (out of print). 

Bulletin No. 2. House Construction that Reduces Heating Costs, 
by James D. Hoffman, 1923. 

Bulletin No. 3. Pictorial Description of Engineering Activities, 
Purdue University, 1923. 

Bulletin No. 4. Electric House Pumping Systems, by G. C. Bla- 
lock and D. D. Ewing, 1923. 

CiRCLAR No. 2. W'atthour Meter Accuracy on Light Low Power 
Factor Loads, by D. D. Ewing and D. T. Canfield. 1924. 

Bulletin No. 5. Proceedings of the Tenth Annual Road School, 
by Ben H. Petty, 1924. 

The following material has been issued in mimeograph form : 

Foundry Conditions in Indiana, R. E. Wendt, 1922. 

Status ok City Plan n inc. in Indiana, G. E. Lommel, 1923. 

City IYannino and the Realtor. H. M. Dickman, Evansville, 
Indiana, 1923. 

Our HousiNc; Problem and Its Relation to City Planning. 
L. C. Smith, University of Wisconsin, 1923. 

The City TorooRAPiiic Survey in City Planninu.. R. H. 
Randall. Toledo. Ohio, 1923. 
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FOREWORD 

The Engineering Extension Service of Purdue University, 
from time to time, holds conferences to bring together the men 
engaged in the various engineering activities in the State of 
Indiana. The Conference of Foundrymen held on January 17 
and 18, 1924, was the second of its kind. Professor J. D. Hoff- 
man, head of the Department of Practical Mechanics, under 
whose direction the conference was held, spared no effort in the 
arrangement of a complete and interesting program. By his 
efforts, the best speakers obtainable were placed on the pro- 
gram. The topics taken up were on such a wide variety of sub- 
jects that all who attended obtained something of value from 
the conference. 

A. A. POTTER, 
Dean of the Schools of Engineering and 
Director Engineering Extension Service. 



REPORT OF SECOND ANNUAL CONFERENCE 

OF 
INDIANA FOUNDRYMEN 

Held at Purdue University 
January 17-18, 1924 

A conference of the foundrymen of the State is held each year 
for the purpose of discussing problems of interest to the foundry 
industry. 

Papers are read at these meetings and are followed by general 
discussion. In this way much valuable information is gained by 
those attending. 

Subjects covered in these papers include: the training of ap- 
prentices; casting of steel, semi-steel, cast iron and non-ferrous 
metals; metallurgy and general foundry practice. In fact, any 
subject of importance to any branch of the cast metal industry 
may properly be discussed at these meetings. 

Incidental to this second conference is the meeting of the 
Indiana Foundrymen's Association which was organized in 
November, 1922. 

The following pages give a fairly complete extract of each 
paper read at the conference and also a brief statement concern- 
ing each speaker. 

J. D. HOFFMAN, 

Professor of Practical Mechanics. 
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PROGRAM 



All Sessions will be held in Room 101, Michael Golden Shops 

THURSDAY, JANUARY 17 

9:00-10:30 a. m. — Registration in Michael Golden Shops. 
10:30-12:00 a. m. — Visit to various Engineering Laboratories. 

12:00 m. — Luncheon at the Home Economics Building, Purdue 
University. 

Afternoon 

Presiding — W. A. Knapp, Assistant Director Engineering Extension Ser- 
vice. 
1:15 p. m. — Address of Welcome — 

A. A. Potter, Dean of Engineering, Purdue University. 

Response — 

W. D. Hammerstadt, President, Indiana Foundrymen's As- 
sociation. 
1:45 p.m. — Selective Training for Foundry Work, R. E. Wendt, Instruc- 
tor in Foundry, Purdue University. 
Foundry Foreman as a Teacher, G. F. Buxton, Ass't Professor 
Industrial Education, Purdue University. 
2:30 p.m. — Metallurgy in Gray Cast Iron, E. J. Lowry, Hickman, Wil- 
liams & Co., Chicago, 111. 
3:30 p.m. — Manufacture of Steel Castings, Wm. Woodhall, National Car 

Coupler Co., Attica, Ind. 
4:30 p. m. — Making of Semi-Steel Castings, G. \\\ Gilderman, Dodge Mfg. 
Co., Mishawaka, Ind. 

Thursday Evening 

Presiding — W. D. Hammerstadt, Rockwood Mfg. Co., Indianapolis, Ind. 
7:30 p.m. — Meeting of Indiana Foundrymen's Association and Smoker, 
Michael Golden Shops. 

FRIDAY, JANUARY 18 

Forenoon 

Presiding — J. D. Hoffman, Head of Department of Practical Mechanics. 
9:00 a.m. — Electric Furnace Product in the Foundry, W. K. Booth, Booth 

Electric Furnace Co., Chicago, 111. 
10:00 a.m. — Xon-Ferrous Metals, E. G. Jarvis, Niagara Falls Smelting and 

Refining Co., Buffalo, X. Y. 
11:00 a.m. — Production Work Motion Pictures, The Beardsley & Piper 

Co., Chicago, 111. 

Afternoon 

1:30 p.m. — Demonstration Heat by the Use of the Electric Melting Fur- 
nace. 

2:00 p.m. — (iray Iron Heat in the l^nivcrsity Foundry by students in 
regular class e.xercise. 

3:00 p.m. — X^'sit of Inspection to Shops. 
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SELECTIVE TRAINING FOR FOUNDRY WORK 

R. E. Wendt 

Mr. Robert E. Wendt is a practical foundryman of many 
years experience. Mr. Wendt*s wide experience in com- 
mercial work, both as a practical molder and as a teacher of 
apprentices, coupled with his experience in teaching foundry 
work at Purdue University, makes him eminently fitted to 
discuss the question of apprentice training. 

An important problem in the foundry industry today is the 
securing and retaining of the right kind of help. A few foundries 
are able to obtain all the trained men needed, but the ones who 
are able to do so are relatively few. Nearly every trade paper 
devoted to the foundry industry gives some space to the discus- 
sion of the problem of obtaining skilled mechanics. The situa- 
tion is more serious than many are willing to admit. Those who 
are interested in the foundry business must take up the problem 
of training more foundry men, not only to relieve the present 
situation, but also to provide for the future. 

There is among foundrymen today a variety of opinion re- 
garding this problem. One group claims that the old system of 
apprenticeship must be re-established. Others state with equal 
conviction that in this age of machine methods, fewer foundry- 
men are needed. Still others claim that it is impossible to get 
young men to take up foundry work. None of these claims are 
based upon good logic, as will be seen when they are more care- 
fully studied. 

First let us consider the apprenticeship system. This system 
would be entirely inadequate at this time. The right kind of 
men would not be attracted by such a plan of development for 
the reason that the goal is too obscure. There are other lines of 
endeavor which promise definite returns in a shorter time and 
with less eflfort. Moreover this system is wasteful. Every young 
man who becomes disgusted and leaves his apprenticeship before 
completion represents a distinct loss to the industry and to the 
company that has spent time and money on his training. Per- 
haps very few foundrymen would be willing to return to the old 
apprenticeship system with its attendant evils. 

The claim that not many foundrymen are needed is far from 
true. Perhaps fewer all-around molders and core makers are 
needed than formerly, but even with the advent of molding and 
coremaking machines, we need not only as many but more and 
better trained men. No matter whether the shop is a jobbing 
or a production shop, good foundrymen will always be in de- 
mand. 

There is, perhaps, some truth in the theory that it is almost 
impossible to induce young men to take up foundry work. Why 
is this true? Some say that young men are no longer willing to 
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work at dirty work, others that young men are not as willing to 
learn as formerly. It has even been suggested that the young 
women friends of the young men object to them working in 
foundries. Many other theories have been advanced, some pat- 
ently false, some ludicrous, while some are at least partly true. 

Young men are just as willing to work at dirty work today as 
they ever were. They are just as willing to work hard and to 
learn as formerly. We are, however, trying to use antiquated 
methods on modern men and therein lies the difference. They 
must be shown what we have to offer to arouse their interest. 
With foundry work becoming more scientific every year and 
young men becoming more interested in scientific things, no 
difficulty should be encountered in bringing young men into the 
foundry, where, of course, proper methods must be used in hand- 
ling them. They must be shown that real problems are encoun- 
tered in the production of castings and that the work is not all 
physical but that much of it is mental. 

Perhaps the greatest obstacle to the securing of new men is 
the foundryman himself. To him, the foundry has become a 
commonplace shop and he does not take the pains to show the 
many interesting phases of foundry work. Students entering 
the foundries at the universities do not, as a rule, have an inter- 
est in the work. As they learn more about it, however, they 
become genuinely interested. If this interest can be aroused 
in school foundries where only the fundamentals are touched 
upon and those only in a brief way, surely as much can be done 
in the commercial shop. 

The working force of a foundry consists of two general classes 
of men, first those who actually do the work, and second those 
who supervise and plan the work. The men in the first class 
need not be highly educated nor do they need to be of the type 
who have the willingness and capacity to assume responsibilities. 
In the second class, we need men with some education, who have 
good judgment and who are capable of assuming responsibilities. 
Both classes, however, must be well trained in their own special 
fields. 

The men needed both for common and for skilled labor can 
best be trained in the shops where they are to work, provided 
that they are trained systematically and intelligently. Most 
foundries can install a systematic training course under a capable 
instructor, if they care to do so, at a very small expense. This 
course when finally in operation can be made not only self- 
supporting, but can be made to show a profit. 

The ground to be covered in such a course of training should be 
^elected from jobs to be made in the foundry. By careful con- 
sideration on the part of the instructor, patterns could be chosen 
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to have the proper teaching value and at the same time produce 
needed castings. By advancing the course step by step, so as to 
hold the interest of the men, progress will be much more rapid 
than if their interest is allowed to lag. 

Great care must be exercised in choosing the instructor for 
the course. First of all, he must be interested in young men, 
for any other type of man would not command the respect of the 
young men receiving instruction. He must also be of good moral 
character and friendly disposition. He must be a practical foun- 
dryman, skilled in the various branches of the foundry industry. 
He should be able to arouse the enthusiasm of young men, not 
only in the work, but also should interest them in the available 
literature. The instructor should be able to give short talks or 
lectures on foundry work. It has been said that a man with the 
above qualifications cannot be found, but such men are now 
actually at work in many of the foundries. 

The establishment of such a course would not be easy at first, 
but when successfully in operation, it would attract many young 
men to the foundries. 

The men needed for supervising and planning the work can 
probably best be trained in schools provided a suitable course of 
instruction is offered. 

Many colleges and universities teach foundry work as an ad- 
junct to engineering. These courses are too short to provide 
suitable training for foundrymen for whom more extended 
courses should be provided. 

The foundry course at Purdue University is designed to teach 
the fundamentals of foundry practice. The work consists of 108 
hours, 96 hours being laboratory and 12 hours preparation work. 
The course is divided into three parts of 36 hours each. The 
first part, called elementary foundry practice, takes up bench 
molding. The patterns are selected so that each involves some 
principle of molding. One mold is made from each pattern by 
each student. An average of sixteen molds are made by each 
student besides witnessing a demonstration heat of either brass 
or aluminum. 

The second part or advanced foundry practice consists of floor 
molding, molding machine practice, dry sand core making, pour- 
ing gray iron and cleaning castings. 

The third part includes the planning of a small commercial 
foundry, study of cupola practice, calculation of melting losses 
and melting ratios and the testing of cast test bars. 

All work is done by students, including the making of molds 
and cores, the pouring of the metals, and the keeping of records. 
The students take pride in the records and each class tries to 
improve the record of the others. 
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It can be seen that much ground is covered in a short space 
of time, yet only fundamental principles are taught and these 
are not drilled into the student as they should be if the course 
w ere planned to develop foundrymen. 

Numerous attempts have been made to interest the American 
Foundrymen's Association in the establishment of schools for 
the training of foundrymen. There is some question as to the 
advisability of such a procedure, because of the fact that that 
body is not organized for such a purpose. The National Founder's 
Association has recently become interested in the subject of 
foundry training. The latter organization is perhaps in a better 
position to lend aid to such a plan. 



THE FOUNDRY FOREMAN AS A TEACHER 

G. F. Buxton 

Professor Buxton is in charge of the Industrial Educa- 
tion Field Service of Purdue University. Purdue University 
is furnishing a service to industry in the holding of con- 
ferences on the teaching side of the foundr3niian's job. 
These conferences are held at various plants without ex- 
pense to the company or foremen. The meetings usually 
last one hour and a half, once a week, the discussions cover- 
ing not only what will be taught but also the best methods, 
tricks, and devices for the teaching process. 

At least nine men out of ten in our foundries may be classed 
as operators, and only one as a real molder. This one man may 
look for future advancement but he must first become an effi- 
cient producer. All foundry workers need specific trainings for 
the specialized work of their trade. The immediate emphasis 
must be placed upon the establishment of regular economical 
motions and fixed habits in foundry practice. The proper judg- 
ment of standards and an appreciation of safety demands must 
be developed early. Care of equipment and an understanding of 
shop routine should have their place at the proper time. It is 
important that the instructor know what to give first and that 
he build up the instruction in a logical order step by step. 

In most foundries, the departmental foreman is given the re- 
sponsibility for breaking in and improving his working force. 
He knows the needs of his department and is there to watch 
progress all of the time. He is interested in the man to be trained 
because he is going to use him. so it is desirable that he give 
some time to the study of good shop teaching methods. 

In some plants it is found feasible to assign a special instructor 
to the training of green men. This gives a larger opportunity 
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for studying the needs of the worker and his interest, ways of 
developing skill, and the most effective methods of getting tan- 
gible results. 

A "teaching job" may be done best when planned in detail in 
advance, listing the things which the worker must know in order 
to proceed with the operation successfully. There are many good 
devices to use in teaching, among them may be named the fol- 
lowing : 

(a) The foreman may "show how'* the job is to be done, ex- 
plaining each step as it is shown, presenting but little new in- 
formation at a time, and repeating instructions as often as neces- 
sary in order to give a clear understanding of the work. 

(b) The foreman may ask questions to stimulate the learner's 
thinking, to check up his understanding of the operation steps, 
to arouse his interest, and to make him feel at home in the shop. 

(c) The foreman may use typed instruction sheets, charts, 
notes, photographs, mounted materials, or pocket notes as de- 
vices to speed up adaptation to the job. 

There are no "teaching tricks" which will work well in every 
case. The foreman should be continually making an effort to 
improve his ability as a teacher as well as to improve the me- 
chanical and routine means of production. 



THE METALLURGY OF CAST IRON 

E. J. Lowry 

Mr. Lowry is chief metallurgist for the Hickman-Wil- 
liams Company of Chicago. In that position he has had an 
unusual opportunity to do much investigational work on 
gray iron castings. 

There is a large amount of information on the metallurgy ot 
cast iron, both physical and chemical, which the foundrymen 
have attempted to utilize in their practice. The majority of 
foundrymen, however, do not feel that this information, even 
though carefully collected, has been properly applied to problems 
in the foundry industry. The engineer is prone to accept data 
printed for educational purposes and incorporate it in his speci- 
fications. If the castings made according to these specifications 
do not prove satisfactory, he is liable to become disgusted and 
substitute malleable iron or steel where gray cast iron should be 
used. The difficulty encountered in applying the results of re- 
search to concrete problems lies in the wide variation in melting 
and molding processes as well as in the variety of test bars and 
the methods of testing them. 
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The chemical limits specified by different purchasers vary 
widely as is shown by the following: 

Si— S P Mn Total C 

Automotive castings 1.65— 0.07— 0.12— 0.40— 2.90— 

2.85 0.15 0.55 0.95 3.70 

Radiators 1.65— 0.06— 0.45— 0.40— 3.10— 

2.35 0.12 0.68 0.80 3.60 

Stove plate 1.90— 0.09— 0.40— 0.40— 3.00— 

2.75 0.12 0.90 0.90 3.60 

Each set of specifications is intended to give the best castings 
for the particular kind of service to which those castings are to 
be subjected, yet the specifications are so variable as to arouse 
wonder. It was formerly the custom not only to write chemical 
specifications, but also to designate the raw materials to be used. 
This allowed some foundries to monopolize certain work because 
of the availability of these raw materials. These are being dis- 
carded for more consistent practice, and standardization is being 
sought in the foundry as well as in other industries. 

Some type of test bar is generally used in making an investi- 
gation and the test data collected is applied to a few castings. If 
the castings are satisfactory, the results are accepted and pub- 
lished for the benefit of others. Limitations are usually given in 
these papers, but are often overlooked with the result that when 
the information is applied to other work, trouble results. 

Metallurgy is not incident to the foundry, but is a part of it. 
The quality of a casting is dependent upon the sum of the effects 
of the elements in it. The possible combinations of elements in 
a casting are so numerous that any one individual in a lifetime 
of work could not determine the properties of all possible com- 
binations. For instance, a high carbon content with a low silicon 
content will give as strong an iron as a lower carbon and higher 
silicon. In the latter case, the carbon formations are not as 
numerous and the continuity of the iron matrix is not broken up 
as much as in the former. In the former case, the matrix is more 
broken up, but the strength remains due to the elimination of the 
silicides which have a weakening effect on the iron and make it 
more brittle. 

Carbon tends to combine with iron to form carbides thereby 
increasing the strength. In the presence of silicon, however, this 
combination is prevented and instead a silicide of iron is formed, 
the carbon being liberated as graphite. 

Phosphorus is thought to impart fluidity to gray iron and for 
that reason to be a benefit. Only within the last few years has 
phosphorus been considered a detriment in a great many casl- 
mgs. The eutectic composition, which occurs at 6.7% phos- 
phorus in iron containing 2% carbon lowers the solidifying tern- 
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perature 536° F. or 80° F. for each 1% of phosphorus present. It 
seems evident then, that small amounts of phosphorus do not 
have the great influence sometimes claimed. It is not the actual 
lowering of the solidifying temperature that causes the fluidity 
as much as the indirect influence of the phosphorus. Thi.s ele- 
ment tends to free the carbon from the iron, forming graphite, 
thereby producing a composition which retains heat more read- 
ily. However, this unstable condition of iron containing phos- 
phorus causes shrinks in the castings. 

There is a considerable diversity of opinion as to the eifect of 
manganese in cast iron. Makers of southern iron claim that thetir 
iron will make excellent castings, while northern furnacemen are 
equally insistent that manganese is a cure for trouble. Some 
claim that inasmuch as manganese helps to produce a high grade 
steel, a high percentage of manganese should be used in gray 
iron to produce the best results. As a matter of fact, the effect 
of manganese is little known. It is known that manganese neu- 
tralizes the effect of sulfur in a casting when twice the latter 
plus 0.15 equals the percentage of the former. An excess of 
manganese produces a more dense metal. The grain is refined 
and strength increased. This same efi^ect can be accomplished, 
however, by altering the percentage of other elements present. 

A proper balance of the five major elements in cast iron will 
always give the strongest and best castings. This balanced 
composition depends upon the nature of the work produced and 
the method of producing it. The metallurgist should know from 
the appearance of the fracture of a casting whether or not the 
metal is most suitable for the work for which it is to be used. 
The practical foundry operator should also know what molding 
methods will produce the best results with the iron used. 

When one speaks of strong castings, one usually means either 
semi-steel or high test cast iron. The former is one kind of metal 
having several grades. The name, semi-steel, is not, as a rule, 
accepted by engineers, because of the fact that the term is some- 
what misleading. The product does not approach the properties 
of steel nor is the mixture going into the cupola half steel. In 
order to remove this uncertainty some method should be found 
to classify the product now known as semi-steel. 

The name "*high-test" indicates that the iron is strong and for 
that reason is more acceptable to the engineer. High test irons 
can, however, be made without the addition of steel to the cupola 
charge, for that reason the name should be qualified in order to 
show whether or not steel had been used. 

Whatever information is available as to the strength of cast 
iron has come from tests made on test bars. The engineer is 
often mislead into believing that the strength of the iron as indi- 
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cated by these tests is the actual strength of the iron. These 
test bars often bear little relation to the castings. They are 
usually cast in a separate mold and are of an entirely different 
section than the castings they are supposed to represent. There 
is at the present time no adequate method of determining the 
strength of a casting. The Fremont-Portevin test approaches 
the ideal more closely than any other, yet leaves much to be de- 
sired. The difference in section between the casting and the test 
bar causes differences in the cooling rate which is the chief factor 
governing the strength of the finished product. 

These facts have been touched upon in order to show that due 
to differences in section and design, as well as differences in 
melting and pouring conditions, results published for the infor- 
mation of the foundrymen will not be the same as the results 
obtained in other shops. 



THE MANUFACTURE OF STEEL CASTINGS 

William Woodhall 

Mr. Woodhall is chief metallurgist for the National Car 
Coupler Company at Attica, Indiana. For some years he 
has been in charge of the plant laboratory and has there 
studied many of the practical problems of the steel casting 
industry. 

The story of the manufacture of steel from the beginning reads 
like a romance. As civilization has evolved through the ages, so 
iron has come into its own today and largely as the basis of steel 
making. Of all the metals, iron and steel are the most useful to 
mankind. This is demonstrated every day as ingenuity works 
them into new forms and adapts them to new purposes. Today 
steel holds first place and bids fair to do so as long as civilization 
continues. Our English ancestors were first responsible for the 
early steel knowledge in our own republic and the steel making 
industry, by leaps and bounds, has opened up men's minds as to 
its real possibilities and adaptations to human needs. Steel will 
find still wider fields and functions; will become a necessary link 
in more processes of manufacture ; will be found in still more 
combinations with other elements; will be ever increasing in 
universal use. The number of finished articles into which the 
metal can be formed are countless. It is found in the application 
of all trades, arts and professions. Our metal reproduces itself 
from the time that the mining machines dip into the earth until 
the product, having fulfilled its mission, is ready to go back again 
to the furnace to be remelted and refined and brought forth 
again for a new cycle of service. 
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This paper will deal chiefly with the manufacture of steel cast- 
ings by the acid open hearth steel furnace method. A great 
many of the steps following will, of course, be adaptable to any 
process of steel casting manufacture. It is generally recognized 
that the acid open hearth is, in the most cases, the best process 
for the manufacture of steel castings. This statement may be 
open to some challenge, but for both production and quality, acid 
open hearth is preferable in the tonnage foundry. 

The steel casting, when finished, tells us no story of the num- 
ber of steps required to produce it. First comes its design. It 
must be able to do the character of work required of it, namely, 
sustain heavy or light load, under constant or intermittent strain. 
A few years ago, it was thought that a casting made of steel must 
have a large cross-section of metal or the molten steel would 
never fill out the mold. Today, engineers are going to the other 
extreme — that of designing castings wnth very thin walls (in a 
great many cases too thin), so as to cut down the weight of metal 
and the cost of the casting. This may be all right in some cases, 
but this tendency to cut down cross-section is creating more 
expense in the long run, as more replacements become necessary. 
A happy medium, however, wnll probably soon be reached, from 
the standpoint of design as well as of service. 

Next, a pattern must be made from the blueprints of the engi- 
neer, and from this pattern eventually, step by step, will come 
the finished product. Right at this point let me state that the 
proper vision of the finished casting must be had by someone in 
authority, who can look through all stages of the process and see 
just where the steps of manufacture will lead him. It is in the 
pattern shop that the simplification of the molding must take 
place, for we cannot, as a rule, rely very much upon the core- 
maker or molder to know the best steps in the manufacture of a 
casting, so that, as it proceeds through the shop, it will go along 
smoothly without hesitation at any one place. 

The modern pattern-maker must forget a lot of old methods 
and make his pattern in such a way that the molder will have the 
least amount of work to do. Let us take, for example, a pattern 
coming into the shop with large portions down in the drag that 
ordinarily would have to be made in the cope and hang down 
into the drag. Instead, the modern pattern-maker should look 
ahead and make core boxes for these protruding pieces, so that 
the molder will be able to put in a couple of cores instead of 
having a heavy cope to contend with. 

Then, again, the pattern-maker must be able to change old 
patterns or older methods to methods adaptable to machine 
molding, so that production will be hastened. Another saving 
from the pattern shop is in the taking apart of the split patterns, 
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one-half to be used in the drag and the cope half to be put in a 
core box and rammed up from dry sand and used as a cover core, 
thus doing away with the cope entirely. 

Another question confronts the pattern-maker; will the fin- 
ished casting be satisfactory if it contains normal shrink holes, 
or will it have to be made with expensive heads and risers to take 
care of the shrink and the gas? 

Repairing is a very important item in the pattern shop, for in 
a steel foundry, ramming and constant use of the pattern soon 
puts it out of commission and it must be gone over very thor- 
oughly. If the job will warrant the expense, aluminum patterns 
are more satisfactory for production work. 

After the pattern is completed, together with core boxes and 
core prints, it goes to the foundry and core rooms. Here we see 
great changes in shop methods. Wherever a job can be made on 
a machine in order to get out a larger number of molds, it is by 
all means done, for we must keep up production. More than 
ever before, is it necessary to use machine molding, for skilled 
mechanics in the molding trade are few and far between, and we 
see very few of the old type of skilled molders who learned their 
trade by four years of apprenticeship. Probably the Jolt machine 
is as good an illustration of machine methods as we have for 
keeping up production. Here one good molder can direct the 
operations of several machines and yet get good castings. In 
this way it is possible to' increase production by means of un- 
skilled labor. 

Let me mention again the molding method in vogue today 
without use of a cope, a cover core taking care of cope work and 
then cutting down the time considerably. There are, however, 
some jobs that cannot be made by the cover core method. More 
and more, green sand work is supplanting dry sand molding. 
As a rule, the best castings can be produced from green sand 
drag molds and a cover core made of dry sand. Most of the 
dirty castings are produced by washes from the top of the mold 
in green sand cope work. The dry sand cope eliminates this 
trouble. 

Dry sand molds are generally made when the sections will be 
large, and when the casting must be machined. Dry sand molds 
should do away with swelled castings and give a fairly uniform 
casting throughout. Clean shaving joints about one inch back 
following the mold contour and approximately 1/16 inch to 
y^ inch should be made. The thickness of this shaving depends, 
of course, upon the weight of the casting. 

When we have thin sections of metal to cast, the green sand 
has a natural give when the molten metal pours into the mold 
that is beneficial. Fewer cracks and better castings are the 
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result. Green sand molding is the cheaper method. It elim- 
inates drying-ovens, extra crane service, and a dry-floor man to 
put up molds after drying. Thus green sand increases produc- 
tion. Molds must be made in heavy steel flasks for dry sand 
work and this is a considerable item of expense, for all lifting 
must be done by crane service. In green molds, we can use 
wooden flasks which can be turned over by hand and thus save 
expensive crane handling. You say that wooden flasks are ex- 
pensive, but the increase in production more than offsets the cost 
of the flasks. Wherever green sand can be used, it is the more 
economical in the end. A great many castings must be made, 
however, by the dry sand process. 

Careful sand mixing is necessary in any foundry. There is no 
hard and fast rule for this, conditions in each foundry probably 
differing somewhat from all others. Sand and fire-clay vary and 
thus the mixtu^s have to be made up and tested by actual use 
and someone in authority must be designated to watch this one 
item alone. Years of experience with different sand mixtures 
enable a mixer to get excellent results, but even then a variable 
factor, such as extra-poor or old burnt sand, will change the 
entire outcome. 

In the acid open hearth method, the sulfur and phosphorus 
are not eliminated as in the basic process, for this reason the raw 
materials must be carefully selected. Specifications for steel 
castings usually allow less than 0.05% phosphorus and sulfur. 
In order to meet this requirement, the following analysis of raw 
materials has been found to be satisfactory : 

Acid Pig Iron Acid Scrap 

SiHcon, percent 1.5 -2.0 0.20 -0.30 

Sulfur " 0.03-0.035 0.035-0.04 

Phosphorus " 0.03-0.035 0.035-0.04 

Manganese " 1 -2.0 0.65 -0.75 

Carbon " 3.5 -4.0 0.15 -0.25 

The specifications to which the metallurgist must work for 
finished castings depends upon the service to which the castings 
will be subjected. Most work in a tonnage foundry is of the 
railroad class of castings. A summary of these specifications 
follows: 

1. Scope. These specifications cover all steel castings for 
passenger and freight car equipment, including couplers, truck 
bolsters, truck side frames, yokes and miscellaneous castings. 

2. Process. The steel may be made by open hearth, crucible 
or electric process. 

3. Heat Treatment. Castings shall be allowed to become cold. 
They shall then be uniformly re-heated to the proper temper- 
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ature to refine the grain and allowed to cool uniformly and 
slowly. 

4. Chemical Composition. The steel shall conform to the 
following requirements as to chemical composition : 

Carbon 0.20-0.37 per cent 

Manganese not over 0.75 " " 

Phosphorus " " 0.05 " " 

Sulfur " " 0.05 " " 

5. Ladle Analysis. An analysis of each melt of steel shall be 
made by the manufacturer to determine the percentage of car- 
bon, manganese, phosphorus and sulfur. The analysis shall be 
made from drillings taken at least ^ inch beneath the surface 
of a test ingot obtained during the pouring of the melt. The 
chemical composition thus determined shall be reported to the 
purchaser or his representative, and shall conform with require- 
ments specified in Section 4. 

6. Tension Tests. The steel shall conform with the following 
requirements as to tensile properties : 

Tensile strength, lbs. per sq. in 65,000 

Elastic limit 40 to 50% of tensile strength 

Elongation in 2 inches, per cent not under 0.22 

Reduction in area, per cent 0.35 

7. Test Specimens and Annealing Lugs. Specimens for use 
in testing machine must be made according to sketch submitted. 
Annealing lugs must be attached to castings so that they can be 
easily broken off by inspector. 

It is very easy to see, then, that the satisfaction given by the 
finished casting depends on careful control of chemical analysis. 

In order to meet specifications, the metal must be uniformly 
clean. By that I mean the metal must not show segregation due 
to impurities. It is a well known fact that impurities such as 
sulphides and slag inclusions cause segregation. Immediately 
surrounding these inclusions we find a streak of almost pure iron. 
The iron carbide, in whatever form it may be present, will then 
collect itself further from the inclusions, thus making a segre- 
gated area of one streak of pure iron and then a streak of the 
harder portion of steel, namely, iron carbide and iron together, 
called pearlite. These segregated portions of the steel often go 
under the name of "ghost lines." If we have excessive ghost 
lines, we have weak metal and it will not be as strong as a more 
uniform steel. The least number of these ghost lines, then, is 
most desirable for a good clean steel. Alumina gets into the 
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metal a great many times from the ladle linings that are set up 
with fire clay. This is also a detriment to good steel and causes 
weakness. 

There is only one good way to distinguish dirty steel from 
clean steel, and that is by aid of the microscope and the science 
of metallography. More dirty steel results after it passes from 
the furnace than in the furnace itself, for in the furnace the high 
temperature allows the slag to gather mostly on top, just like 
cream rising on milk. Most of the dirt in steel comes from the 
ladles or from washes from the upper cores or copes in our molds 
and it is here that we should first look for troubles when dirty 
steel is being poured. 

Just a few words about the furnace. The scope of this paper 
will not allow many details and I cannot take time to touch on 
more than the acid open hearth furnace. 

Our raw materials, about 20% pig iron, 80% scrap are taken 
from the yard, loaded in tubs on cars and taken to the furnace 
floor. Here the charging nwichine picks up each tub and deposits 
its contents in the furnace. A charging machine is a necessity in 
a tonnage foundry, for the more quickly the charge is made, the 
faster we can get the finished metal out. A heat is made in ap- 
proximately ?iwt. hours. Tapping, repairing of furnace lining and 
refilling take up an hour's time, so that we are able to get out 
four heats a day. The best of furnace sand is not too good for 
the bottom and side walls of the furnace, as poor sand results in 
an extra heavy slag and bad cutting of bottom. A chemical 
analysis of furnace bottom sand is almost useless as it is the 
physical properties that are the most important. The sand must 
have high silica content and must contain just enough bond to 
fuse properly and "set" in place. High temperature should not 
cause it to run, for this, together with slag action, causes the 
lining to "cut." 

In a foundry producing only a few grades of steel such as soft 
and medium steel, carbon from 0.20 to 0.409f , the calculation of 
the charge is very simple. When the charge is melted, the melt 
is ored. The manganese and silicon are first oxidized and make 
up the slag. Then the carbon commences to "boil" out. The 
consumption of ore should not exceed 6% of the weight of the 
charge, and in most heats will be below this figure. Pig iron, 
high in silicon and low in manganese, may frequently cause em- 
barrassment in that the heat melts high in silicon with the result 
that much time is spent in elimination of the silicon by means of 
the ore. Confronted with such conditions, we must cut down 
the proportion of pig iron so that the charge will be low in 
carbon, yet contain enough silicon, when melted, to protect the 
carbon from oxidation. The bath will then melt at about the 
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carbon content of the charge, and we can run it down with little 
or no ore. If it melts too low in carbon and is hard to heat 
because it will not "boil," we can "pig" it to assist operations. 

At all times the furnace man watches his roof, walls and ports 
closely, keeps the flame down to the bath and slacks the temper- 
ature by shutting off the air and lowering the stack damper when 
he sees his brick-work showing signs of melting. 

A test of the metal is taken by means of a small test spoon, 
which is first warmed and coated with slag, then dipped deep 
into the bath and rapidly withdrawn. A small test mold is filled 
and any metal remaining is poured slowly from the spoon to 
judge its temperature. If it pours out clean from the spoon, it 
is very hot, the more remaining in the spoon the colder and 
"wilder" the metal. The slag adhering to the spoon is also ex- 
amined and by its color the progress of the elimination of iron 
oxide is watched. When the steel is cold and wild it scintillates 
and "rises" strongly in the test mold. By the fracture of the test 
piece or by color carbon analysis the melter estimates the carbon 
of the bath and judges whether or not more ore is needed to 
eliminate the carbon still further. 

The best metal is made by adding small amounts of ore, rap- 
idly at first, and then more slowly. Of course, if the carbon is 
not "sliding" down fast enough in the melter's opinion, more ore 
must be added to cause it to do this. 

The effect of the ore should be pretty well worn off at least 
thirty minutes to an hour before tapping and a very good prac- 
tice is that of getting all the ore into the furnace as soon as 
possible after melting and having the carbon "slide down" rap- 
idly at first, then less rapidly, and then very slowly. By this 
practice the iron oxide in the slag, available for oxidizing silicon, 
manganese and carbon, is practically all exhausted before the 
heat is tapped and the iron oxide is largely eliminated from the 
steel and taken up by the slag. As the effect of the ore wears 
off, the "raise" becomes less in the test mold, the slag grows less 
black and watery, and the metal pours more cleanly from the 
test spoon. The temperature of the steel is followed by the indi- 
cations already described. When the carbon is low enough so 
that the heat may be tapped, the metal should be so hot that it 
will all pour out clean from the test spoon. If it does not, the 
temperature should be increased, holding the carbon up by ad- 
ditions of "pig** or ferro-silicon until the steel will pour reason- 
ably clean. If the ferro-silicon, pig or ferro-manganese, used as 
re-carbonizers, are added in the furnace, which is the proper 
place, a last test after they are all melted does not come amiss. 

This last test, if the silicon (or both silicon and manganese) 
has been added, should pour perfectly clean from the spoon and 
the test should be quiet and flat in the mold. 
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Some furnace men add ore till the carbon is racing down and 
the steel is full of oxides, the tests skulling the spoon and scin- 
tillating and rising in the mold ; then throw in ferro-silicon and 
pig iron to check the elimination of carbon, tap the heat as soon 
as these are melted, add the ferro-manganese in the ladle and 
pour the steel. They melt the metal hot and keep it hot, but the 
metal is full of oxides, wild in the molds, and of very poor qual- 
ity. By heavy additions of manganese and silicon and frequently 
of aluminum, the steel is quieted enough to make fairly sound 
castings, but it is not good steel. 

When the heat is tapped the furnace men scrape out and close 
the tap hole, warm up the furnace and shovel sand all around the 
slag line of the hearth to repair the damage and cutting done by 
the slag. The furnace is then heated hot enough to set the sand 
and is then ready for the next heat. 

The care of the ladles is a very important item in manufactur- 
ing steel, for if the ladle goes wrong anywhere the whole heat 
suffers. The ladles should always be in charge of an experi- 
enced man who has proven his worth. He must be able to make 
ladle Ifnings that will not crack and spall and must have them 
heated up to the right temperature before the steel is ready for 
them. A great deal of responsibility then rests on both head 
melter and ladle-man. As soon as the ladle and contents swing 
free from the furnace platform, the skill of ladle-man and his 
assistant come into play, as they direct the stream of molten 
metal into the waiting molds. 

It looks simple, but the skill of the ladle-man many times 
spells either success or failure in getting a good, smooth job or 
a strained or forced casting. During the pouring of each heat, 
test molds for both chemical and physical tests are made and 
these are stamped and sent to the laboratories for complete an- 
alysis. This analysis consists of chemical examination, physical 
pull tests, and a microscopic examination. The chemical analy- 
sis, of course, is made immediately to determine the percentage 
of carbon, phosphorus, sulphur, manganese and silicon. The test 
bars are also made for, and tested in a tensile strength machine 
to determine the ultimate strength, elongation, elasticity and 
reduction of area. This is done after the test piece has been 
annealed with the castings. A microscopic examination is also 
made after the pull tests and in this way the laboratory has a 
final check and absolute protection. Today, more than ever be- 
fore, metallography plays a great role in the steel casting indus- 
try. The remarkable growth of this phase of scientific control 
in the foundry is sufficient and ample evidence of the value of 
the method. The metallurgist then must be familiar with this 
new science, for it is one of his greatest helps. 
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After the molds have cooled, so that they can be handled 
easily, they are taken to the knock-out floor, where the castings 
are shaken out. This floor consists of a great number of grid 
openings through which the sand goes to large underground 
hoppers, and these in turn feed several belt conveyors. The 
sand is then conveyed out of the shop to waiting trucks, which 
dispose of the burnt cores and sand. Some of the sand is used 
over again in the new sand mixtures and is taken to the sand 
mills. The underground conveyor system is a very great time 
saver and aids production. After the castings are shaken out, 
some of the risers are knocked off, where the section is suffi- 
ciently thin that this may be done. At this point we must have 
our first inspection of the castings and a good inspector is abso- 
lutely necessary. He must be a rapid worker for the progress 
of the castings should never be haljed, as this results in loss, but 
he must discover as many as possible of the castings that must 
be scrapped. The inspection is quite necessary at this point to 
prevent the heavy cost of putting the poor castings through the 
sand blast and cleaning room, finally to discover that they must 
be scrapped due to mispour, cracks, shifts, and swells. 

From the knock-out floor, <he castings are conveyed to the 
sand blast, where all adhering sand is cleaned off in the quickest 
and most efficient manner known today, no other system having 
been found which will do the work as well. 

The cleaned castings are next conveyed to the cleaning room 
proper, where the second inspection takes place and where 
hitherto undiscovered poor castings are found and scrapped. 
The fins, risers, gates, and heads are next burned off by oxy- 
acetylene burning torches. The proper manipulation of these 
torches is quite an art and requires the best of skilled labor. 

The next step in the finishing of the casting is to grind down 
rough surfaces or protruding portions, so that the castings will 
be square or will fit the finished gauges. The larger castings are 
taken to blocks above which hang swinging grinders. At- 
tached to these grinders are two long handles which enable the 
operator to turn the grinding wheels in any direction and to 
exert pressure on the surface to be ground. Small castings are 
ground on ordinary stationary grinders. The best wheels to use 
are either corundum or carborundum, as these quickly cut off the 
undesirable portions of the steel. Portions that cannot be reached 
by grinders are chipped by power chippers. Holes are chipped 
out by power hammers. The casting now presents a fair appear- 
ance and is ready for the refining of its coarse crystalline struc- 
ture, which is accomplished by means of proper heat treatment in 
large annealing furnaces. 

To get out the greatest production, these furnaces must be so 
designed as to be ccmtinuous, that is, one batch of castings being 
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heated while the other batch is cooling. It is the province of the 
engineering department to design the furnaces, using approved 
methods of getting the proper combustion chambers for the fuel 
in hand. If using oil, burners that use the minimum amount of 
fuel and use vaporization by air are desirable. A great many 
burners today take more fuel oil than is actually burned. Either 
the mixing with air or steam is not carried out properly or the 
burner is poorly designed. It is a good thing to test out several 
types of burners by means of oil meters and see which gives the 
most heat for amount of fuel used. Fuel oil used indiscrim- 
inately gives increased cost of production, for in a large steel 
casting foundry many furnaces are necessary. 

Another very important thing is to get proper temperatures in 
the annealing furnace for the kind of steel being annealed. The 
coarse structure of steel castings is not refined at temperatures 
slightly above the upper critical range. A much higher temper- 
ature is necessary to break this coarse grain. My experience has 
been that the higher the temperature at which the heat has been 
poured into the mold, the higher the annealing temperature must 
be. A simple way to test this is to pour from the test spoon into 
test ingot a sample from the furnace and note the number of 
seconds required before freezing of the metal. Similar ingots 
were made, one from an ingot sixty seconds hot which had to 
be heated to about 1800° F. to refine the structure, while the 
other was cast and took only forty seconds to freeze, and an- 
nealed properly at 1700° F. When we pour very thin sections of 
metal, we have to use higher temperatures than for thicker sec- 
tions. These castings take a much higher annealing temperature. 
It is the duty of the metallurgist to determine proper temper- 
ature at which good refinement of grain is accomplished. Today, 
more than ever before, it is quite necessary to use a good pyro- 
metric system to measure temperaturies within the furnace. The 
thermocouples are generally placed in the furnace roof. This 
necessitates getting the difference in temperature between the 
roof of the furnace and castings themselves. The next thing to 
determine is the length of time necessary for castings to remain 
at the proper temperature to get thoroughly heated. Castings 
one inch through at the thickest section should be held for one 
hour. After the proper soaking, the casting can be cooled, by 
either drawing from the furnace or allowing to cool in the fur- 
nace. Cooling in the furnace is true annealing but results in a 
larger grain structure than that caused by cooling in air. Most 
of the present day work is cooled in quiet air, and this makes for 
small grain size. This air cooling process is called normalizing. 

As we must keep up production without the sacrifice of quality 
it is quite necessary to have one car of castings ready for the 
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oven as soon as the heated castings are ready to draw. This 
completes a cycle of operations and the castings are then ready 
for the finishing touches. If the castings have been heat-treated 
properly, they will not show excessive scale, unless the ovens 
are leaking large amounts of air. If the flames are kept slightly 
reducing or even neutral, we get our best looking castings. An 
oxidizing atmosphere in the ovens always gives thick scaled 
results which are undesirable. 

The annealing operation then consists of: 

1. Heating the steel uniformly to the proper temperature. 

2. Soaking it at this temperature to assure complete pene- 

tration. 

3. Cooling it until the color disappears. 

This annealing process is of the highest value and importance, 
and scientific annealing implies expert supervision. 

The test bars at this point are taken after cooling to the phy- 
sical testing department where they are prepared for the tensile 
strength machine. After testing, a piece is taken from the bar, 
ground flat, polished and etched by diflferent reagents to bring 
out the grain structure. It is then examined under high mag- 
nification and the results of the annealing operation checked. 
One familiar with the grain structure can see at a glance just 
what has taken place. It is a constant check on the human 
element, and proves conclusively just what the operator of the 
furnace has done. The physical properties of steel are much 
more closely related to the minute structure of the material than 
they are to the ultimate chemical composition. Today, no one 
questions the value of chemical analysis in metallurgical work, 
but the metallographic examination when properly interpreted 
may be of far greater value. For example, the chemical analysis 
may reveal steel of, say ,0.30 carbon without our being able to form 
any idea as to its properties. It may be either hard or soft, have 
great or no ductility, or have a poor or good tensile strength. 
The microscope, on the other hand, will reveal just exactly what 
constituents are present and knowing the properties of these con- 
stituents, the metallographer can safely predict what the metal 
will do when put to use. 

Some of the castings after coming from the annealing furnaces 
must be straightened. This is done while hot, so as not to put 
any permanent strains on the metal. 

The castings, after being cooled, are then gauged, and any 
castings needing further work are finished completely. Some 
may have small shrink holes that are welded by an electric arc 
welder. 'This prevents their being scrapped entirely. Others 
may have to have a hole reamed a little larger. Very little work. 
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however, remains, if all who have had the casting have watched 
their work carefully. The final inspection is now made and the 
castings are sent to the waiting railway cars to be sent to their 
destination. All transportation, other than crane service, is done 
by means of electric storage battery trucks. These trucks keep 
things "moving lively" for material in constant motion spells 
success in the steel foundry. 



SEMI-STEEL 

G. W. Gilderman 
Mr. Gilderman is Superintendent of Foundries of the 
Dodge Manufacturing Company at Mishawaka, Indiana. He 
has watched the development of semi-steel from a foundry 
kink to a definite metaL In this paper he has given many 
practical helps to foundrjnnen interested in semi-steel. 

Semi-steel is a term that is little understood. The mixtures 
parading under this title in the past and the manner in which 
these mixtures have been made have been so varied, that until 
a few years ago, semi-steel was considered more or less as a joke. 
There are still a few foundrymen who are under the impression 
that semi-steel is merely a close-grained iron. As this metal is 
made today, however, it is well worthy of the name. 

Semi-steel is extensively used in internal combustion engine 
parts. These castings must withstand severe service and so 
must be strong and close-grained. Whereas the ordinary gray 
cast iron has a strength of 2300 to 2700 pounds, semi-steel often 
reaches 3600 pounds before breaking. Bars have been cast that 
did not break until a load of 4000 pounds was reached, this, 
however, is not to be expected in everyday practice. 

The exact date that semi-steel ceased to be an experiment is 
not definite. Formerly when a cylinder was to be cast, a few 
old files were thrown into the ladle and the mixture stirred in 
order to get a uniform metal. If the casting came out satisfac- 
torily, the files got the credit, if not, everyone stood around and 
tried to find the answer. Later, steel scrap was added directly 
to the cupola, first in small amounts, gradually increasing to 
40%. The proportion has since been reduced till now 20 to 25% 
of steel scrap is considered good practice. 

Let us take for example a mixture to produce a casting having 
a thickness of }i inches. The analysis should be, — silicon 1.60% , 
manganese 0.75%, phosphorus 0.407^, and sulfur about 0.09%. 
In order to obtain this analysis in the casting, the charge should 
consist of 60% pig iron, 20% steel scrap, and 20% cast scrap. 
The pig iron should analyze as follows: silicon 2.30%, man- 
ganese 1.25%, phosphorus about 0.40%, and sulfur less than 
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0.05%. If the manganese content of the pig iron is too low, the 
deficiency may be made up by adding ferro-manganese to the 
cupola. 

In making up the charge, the first thing to be considered is the 
size of the steel scrap that is to be used. If the scrap is heavy, 
such as the ends of T-rails and I-beams or pieces with a corre- 
sponding section, it should be charged directly on top of the 
coke, keeping a space of about eight inches next to the wall for 
pig iron. If the scrap is small, the pig iron should be charged 
first, then the scrap scattered over the top of the pig iron. Scrap 
as small as ]/% inch thickness may be used in this way. 

Semi-steel should be melted hot. The fuel ratio depends of 
course on the conditions obtaining in each foundry, however, the 
general practice is not greatly diflFerent from gray iron work. An 
additional 5% of coke is sometimes necessary when using heavy 
steel scrap. Small charges, 1000 pounds in a 48 inch cupola or 
2000 pounds in a 60 inch cupola, will usually give the best re- 
sults. Mixing ladles are necessary when pouring small castings. 

Semi-steel must be handled somewhat faster than gray iron. 
This fact must be considered when determining the size of gates 
and risers. When a riser is necessary, it should be about 50% 
larger than if for the same casting in gray iron. In allowing for 
shrinkage, one-eighth inch per foot has been found to be satis- 
factory. 

In the preparation of the mold few deviations from ordinary 
practice are necessary. More new sand should be used in the 
facing, as much as one-half in some cases. In no case should the 
proportion of new sand be less than one-third. In preparing the 
mold for a casting weighing 500 to 2000 pounds, a skin-dried 
mold is more satisfactory. The facing in this case should be 
made up of twenty parts sand and one part of pitch compound. 
For castings weighing more than one ton, a dry sand facing 
liberally studded with nails is necessary. The dry sand facing 
is made by mixing one yard of heavy new sand, 12 cubic feet of 
sharp sand, 140 pounds of flour, and two quarts of molasses. 

All dried molds should be given a coat of black-wash before 
being dried. Compound facings can best be dried by means of 
a torch while dry sand facings must be dried with charcoal. 

In order to get a high casting pressure, either a deep cope or 
a built-up runner box may be employed. When it is not possible 
to use a churning rod, the riser should be covered with sea coal 
as soon as the mold is poured. 

Pattern proportion is a very important detail in the manufac- 
ture of semi-steel castings. Before attempting to make a new 
casting, the drawings should be carefully examined in order to 
locate any heavy sections attached to light sections. If such are 
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found, means must be found to feed these portions or chills must 
be employed to make them solidify as rapidly as the remainder 
of the casting. This is well illustrated in the case of a blank 
gear. In this case, we have a heavy section at the junction of the 
arm and rim next to a comparatively light section of the arm. 
In a case of this kind, a spongy spot will usually be found at the 
base of the teeth when cut, unless precautions are taken to pre- 
vent such a condition. The usual method of correcting this dif- 
ficulty is to use a chill made to fit the casting at this intersection 
and rammed up in the mold. Similar spongy spots are often 
found in cylinders and pistons. 

In making semi-steel castings, a sound clean metal is the prin- 
cipal requirement. Some flux or scavenger is required in the 
ladle, the ones chiefly used being aluminum, ferro-titanium and 
ferro-vanadium. Aluminum melts very rapidly and rises to the 
top, carrying with it most of the gases contained in the molten 
metal. The aluminum is rapidly oxidized and enters the slag in 
that form, leaving little or none of that metal in the casting. 
Ferro-titanium acts in much the same way as aluminum in that 
it removes gases. Its action is, however, more intense. When a 
large amount of this alloy is used, some of it will be found in the 
casting, but if only a small amount is used, the casting will be 
practically free from titanium. One ounce of 15% ferro-titanium 
for each hundred pounds of iron gives very satisfactory results. 
Ferro-vanadium is used extensively in the manufacture of piston 
rings. Its principal value lies in the fact that it breaks up the 
large graphite flakes, thereby strengthening the casting. Iron 
treated with ferro-vanadium will withstand repeated shock bet- 
ter than an iron not so treated. Two ounces of 30% ferro- 
vanadium is enough to treat one hundred pounds of iron. 

The foregoing remarks give a general idea of methods used in 
actual practice and are not given as rules. They are intended 
only as a foundation from which to work. 



THE ELECTRIC FURNACE 

Mr. W. K. Booth, chief engineer of the Booth Electric Furnace 
Company of Chicago, gave a very interesting discussion of the 
electric furnace in the foundry. He described the various types 
of furnaces used and the work done by each. Of particular 
interest was his description of the rotating electric furnace de- 
signed to melt borings. He also melted a demonstration heat of 
brass in the newly installed experimental furnace in the Purdue 
foundry. 
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NON-FERROUS METALS 
E. G. Jarvis 

Mr. Jarvis is Vice-Presidetit of the Niagara Falls Smelt- 
ing and Refining Company. His work with this company, 
specializing in the production of non-ferrous metals, has 
given h>m opportunity to study non-ferrous foundry prac- 
tice from the practical side. In this interesting paper he has 
outlined the general practice in the non-ferroun industry 
and has also pointed out many of the pitfalls incident to the 
management of a foundry. 

There are a few details, which might well be brought up, 
which, while not new or original, may serve to call to mind 
some of the many common mistakes made in the non-ferrous 
branch of the foundry industry. We have just started a new- 
year which promises great prosperity and January is a good time 
to eliminate bad habits. 

First, tune up the pulleys in the grinding room and stop the 
air leakages around the molding machines. If you have a con- 
crete floor in your foundry, have the molder's helper sweep the 
stall and sprinkle the floor before leaving each evening. A sur- 
prising increase in the percentage of good castings will result. 
Have your molding machine looked over regularly as there is no 
place where equipment gets so much abuse as in the foundry. 
Stop the shifts in your castings by having your iron boxes and 
flasks measured to a template at least once a month. Put strip- 
ping plates on your molding machines. This alone will decrease 
losses due to bad castings and increase sales because of sharpen- 
looking castings. Do not crowd your plates with patterns. The 
proper practice should be to put less patterns on a plate rather 
than more. Not everything is adapted to machine molding, but 
there are various ways in which a large percentage of jobbing 
work can be handled to advantage by the use of aluminum match 
plates. 

The selection of metals is of prime importance in foundry 
practice. The best sand, highest-paid molders and most elab- 
orate equipment cannot produce sound castings without good 
metal. Many foundrymen insist on buying scrap metal and 
making what they call their own mixtures. Composition scrap 
usually contains some value 85-5-5-5, some bushings and bear- 
ings 80-10-10 or 78-15-7, some with, others without phosphorus — 
a little manganese bronze 60-38, also manganese iron, and 
aluminum, now and then a trolley wheel, some railway car boxes 
containing copper, lead, tin, antimony and zinc, and cats, dogs 
and old rubber boots! Yet the foundryman will tell you he 
makes his mixture out of 20% copper, 72>^/( composition scrap, 
and 7% yellow brass. If an analysis were made daily for one 



Digitized by VjOOQIC 



CONFERENCE OF INDIANA FOVNDRYMEN 27 

month the castings would be found to contain 75-88 9r copper, 
2-7% tin, 3-12% lead, and 1-5% zinc. Some would contain 
phosphorus, other manganese, and some everything including 
iron. Day after day the machine shop complains about diflficult 
machining and tough metal, yet the foundryman fails to remedy 
the trouble at the source. In order to make good castings, metals 
and alloys of known composition must be used. One of the worst 
habits in non-ferrous foundry practice is the continual doctoring 
of the mixture. 

In using a flux, select one that will gather the impurities and 
bring them to the top so they can be skimmed off and the flux 
pass off in the slag, thus leaving no harmful ingredients in the 
metal. 

If possible, have some smelting company make up your alloy 
according to your formula, as by so doing the time required for 
melting will be less than by using new metals. Buying ingot 
alloy metal is the happy medium between using all new metal 
and scrap. Ingot composition can always be purchased a cent 
or more per pound below the price of new metals. The chance 
of error in weighing the various elements is eliminated and the 
melting point lowered. Moreover, uniformity is established, a 
condition impossible of attainment when using scrap metals even 
though the scrap is carefully selected. With silicon bronze, 
manganese bronze, aluminum bronze and the great number of 
other mixtures in vogue, the most experienced man in the sort- 
ing of scrap metals cannot sort scrap brass today. It is doubtful 
if any two foundrymen now use exactly the same composition 
of metal but some day mixtures will probably be standardized. 

The best composition for red metal bronze, for valves, fittings, 
pumps and pressure goods in general is 85% copper, 5% tin, 5% 
lead, and 5% zinc. This is an ideal mixture for bronze, having 
a good red color, is easy to melt, cast, and machine. An 80-10-10 
alloy with sometimes a little phosphorus for fluidity is the most 
popular bushing metal for railway work. Addition of the phos- 
phorus helps to keep the lead from "sweating out" though some 
founders claim that such an addition makes the alloy too brittle 
for their requirements. For closing the grain of an 80-10-10 or 
an 85-5-5-5 alloy, cupro-nickel is very satisfactory. One quarter 
pound of the 50-50 shot should be used for each 100 pounds of 
the alloy. This improves the mixture decidedly, especially in 
pressure goods, such as plumber's supplies. The manufacture 
of 50 copper, 50 lead was a difficult problem for a number of 
years. Formerly sulphur was used to unite the metals, but this 
did not stop the sweating out of the lead. With the use of vary- 
ing percentages of cupro-nickel (50-50) this problem has been 
solved. 
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Manganese bronze has always given foundrymen the shud- 
ders, because of the diflficulty both of getting good castings and 
of meeting the high specifications. This alloy cannot be made 
satisfactorily in ingots. The best copper must be used, elec- 
trolytic or lake, not casting copper. The zinc must be Horsehead 
or Bertha or of similar quality free from lead as lead must be 
absent in order to obtain a metal of the required 70,000 pounds 
tensile strength and 2>2% elongation. The hardener should be 
made up from virgin aluminum, manganese, copper, tin, and iron. 
When the pure brass is molten, the hardener should be added, 
the mixture soaked for a few minutes and poured. Large gates 
and risers are essential, as this alloy requires a great deal of 
feeding. 

Nickel bronzes appear every day in one form or another, every- 
one trying them once. Some succeed in making the alloy but the 
majority finally quit this highly profitable branch of the business. 
Of prime importance in making nickel alloy castings, is getting 
the metal sufficiently hot. This, however, can be done in any 
type of furnace, the metal being poured as soon as it leaves the 
fire. A little block of wood should be placed on the surface of 
the metal and allowed to burn during pouring, or if it becomes 
necessary, because of sluggishness, to raise the temperature, a 
little zinc may be added before pouring. Small molds must be 
skin dried while large molds should be oven dried. Large gates 
and risers like those used for manganese bronze are necessary. 
The best results are obtained with Lumberton sand with a small 
amount of Albany, or sand of like fineness, to give lots of vent 
to the mold. With these suggestions in mind and a little com- 
mon sense in gating and placing risers, no diflficulty should be 
encountered in casting this metal. 

Common yellow brass (64-2-34) is a good alloy for some cast- 
ings, but foundrymen often add aluminum to increase fluidity 
instead of increasing the size of gates and runners. This is a 
mistake as nothing has injured any branch of the business as 
much as aluminum in yellow brass. If a check is kept on the 
loss in melting gates containing a little aluminum, a 10% melt- 
ing loss will almost always be found. Smelters who buy borings 
always pay one cent more per pound for yellow borings free from 
aluminum while some smelters refuse to accept borings contain- 
ing aluminum. 

Aluminum alloys of one sort or another have been developed 
to suit almost every requirement. Ninety per cent of the alum- 
inum used is in the form of the number 12 alloy (927^ aluminum 
— 8^f copper). This alloy can be purchased in the ingot form or 
can be made in the foundry from virgin aluminum by the addition 
of a hardener. This hardener is usually a 50-50 copper-aluminum 



Digitized by VjOOQIC 



CONFERENCE OF INDIANA FOVNDRYMEN 29 

alloy which melts readily in molten aluminum. It can be pur- 
chased, in most cases, more cheaply than the small foundry can 
make it. If it is desired to make it at the foundry, however, the 
usual practice is to melt the copper and add the aluminum. Some 
founders prefer to melt the aluminum and add fine copper to the 
melt, but this procedure does not give as satisfactory results as 
the first method. Zinc chloride is the usual flux for aluminum, 
a teaspoonful stirred into the molten metal will gather all the 
impurities to the top of the pot and leave the aluminum in ex- 
cellent condition. 

The use of refined silicon in aluminum alloy will improve the 
physical properties. The addition of 2% of refined silicon to a 
number 12 alloy, making a metal such as 90% aluminum, 89t 
copper, 2% silicon, will have physical properties superior to the 
regular number 12, but its principal advantage lies in its casting 
properties. It is practically free from the viscosity which char- 
acterizes the number 12 and is, at the same time, free from hot 
shortness. Crystalline shrinkage is practically eliminated with 
the result that castings, regardless of shape, show a fine dense 
crystalline structure. For a combination of high tensile strength 
and elongation a somewhat higher silicon content is necessary. 
Such an alloy should consist of aluminum 90-92%, silicon 6%, 
and copper 2-3 % . There are also a number of other alloys which 
have been successfully used, and which have highly desirable 
properties. For instance, an alloy of 5% silicon, 95% aluminum 
is resistant to corrosion by salt water and weak acid and alkali 
solutions. The iron content of all these alloys should be kept 
below 1^% as iron greatly increases the brittleness. 

The place of the technical man in the foundry industry should 
not be overlooked. Every industry into which either chemistry 
or metallurgy has entered, has been greatly benefited. When 
the technical men are taken into the business, even though it 
takes a year or sometimes two, to teach them the practical side 
of the industry, an asset has been added that money cannot buy. 



MOTION PICTURE FILM 

Mr. George Furman, Sales Manager of the Beardsley and Piper 
Company of Chicago, gave an interesting description of the 
Beardsley-Piper sand slinger. A motion picture showing the 
work done by this machine was also exhibited. 

Everyone familiar with foundry work has seen molders throw- 
ing handfuls of sand into deep partings or pockets of a diflFicult 
pattern. The sand slinger is a machine designed to throw from 
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750 to 1800 handfuls of sand a minute. This eliminates all hand 
ramming and has the advantage over other types of machines 
in that it can be adapted to any size or type of pattern. 

The same machine also conditions the sand while filling the 
molds. The sand is lifted from the floor, mixed, riddled and de- 
posited in a hopper, ready to be thrown into the molds. 
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THAWING FROZEN WATER PIPES 
WITH ELECTRIC CURRENT 



I. INTRODUCTION 

Purpose of Bulletin. — The purpose of this bulletin is to present 
a summary of present practices in the art of thawing frozen 
water pipes with electric currents. Lists of the equipment re- 
quired for some of the arrangements that have proven successful 
are given and data on the electrical characteristics of certain 
small sizes of commercial steel pipe are also presented. 

The material presented in this bulletin has been collected from 
many sources, tests made at Purdue University and compilations 
from technical magazines and the publications of technical so- 
cieties. 

Where Pipes Freeze. — The pipes most often frozen are those 
between the street mains and the water consumer's indoor 
piping. When exposed, such pipes may be thawed readily with 
a blowtorch. Usually, however, blowtorch thawing involves dig- 
ging away frozen earth ; also there is no assurance as to the exact 
location of the frozen spot, and there is danger from freezing 
again because of poorly tamped soil about the pipe. Most cases 
of frozen service pipes come a day or so after the cold spell has 
passed. During the actual cold spell the water is usually allowed 
to flow, thus protecting the pipes against freezing. After the 
peak of the cold wave has passed above ground and before the 
ground has warmed — perhaps even before the minimum temper- 
ature has been reached by the soil about the pipe — the water is 
left turned oflF and freezing occurs. 

II. ELECTRICAL METHODS OF THAWING 

Three general methods are used for thawing pipes by elec- 
tricity : 

(1) Using a metallic heating element, in or on the frozen 
part of the pipe, maintaining contact between the electric heater 
and the ice plug until the ice is melted. This method is, in gen- 
eral, similar in possibilities to the blowtorch method. 

(2) Inserting an energized wire in the pipe, the return being 
through the pipe. The pipe filled with water becomes a water- 
rheostat, and the heated water melts the ice-plug. 
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(3) Heating by the resistance losses of large currents flowing 
through the pipe itself. This is the most common method where 
the demand is great enough to justify the use of considerable 
equipment. 

The Water Rheostat Method. — This system is shown diagram- 
matically in Fig. 1, page 4. It possesses the advantages of 
minimum equipment and one-man operation, but cannot be used 
with any satisfaction for crooked pipes. The insulation rings, 
which are left on as shown, and the rubber tip prevent grounding 
to the pipe. The resistance losses in the water produce the heat 
that melts away the end of the ice-plug. 

/fOyo/t 







- Pydber tip 
-Jnsuhted rin^ 
- Bare mre 

Fiff. 1. Pipe Thawinff Without Traiuformcn. 

This method will thaw from 3 feet to 4 feet of ice per hour, 
and the current required is about 20 amperes. All of the heat for 
thawing comes from the electrical energy expended which makes 
it more wasteful of electrical energy than the third method ; but 
where a comparatively few services are to be thawed it saves the 
use of the comparatively large amount of equipment required by 
the resistance loss method. 

Thawing by Heating the Pipes With Electric Current 

The range of values obtained under diflferent conditions is too 
wide to allow accurate figures to be given for time, voltage and 
current required. This is to be expected since soils differ in 
conductivity and since usually only an unknown small fraction 
of the total length of pipe is frozen. The upper limit of prac- 
ticable current, upon which the heating depends, is determined 
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in part by the amount of equipment to be used and moved. An- 
other factor is the increase of stray currents, and hence lost 
energy as the current density increases in the pipe. On the 
other hand with small currents the time required for thawing 
becomes excessive, varying inversely as the square of current. 
Since labor costs, usually for two men, and the use of electrical 
and transportation equipment play a large part in the expense 
of thawing service, time becomes a more important element than 
current cost and must be kept at a minimum. 

Currents Required for Thawing. — The magnitude of the cur- 
rents required depend upon the size of the pipe, and the condition 
of the surrounding material : whether a good or poor conductor 
of electricity, and its heat absorption powers. For pipes of from 
J4 inch to 2 inches in diameter in ordinary frozen soil, current 
values of from 50 to 500 amperes have been found to be most 
satisfactory. This will melt the layer of ice next to the pipe 
sufficiently to start the water flowing, in from five minutes to an 
hour. The flowing water will melt the remainder, saving both 
time and electrical energy as compared with what would be re- 
quired to melt the entire plug of ice. The saving in time result- 
ing from the use of high current densities is clearly brought out 
in the curves of Figure 2, page 5. The temperature changes 




Cros3jectJm /9reo of Iron m P/peS^are Inches 

Fiff. 2. Carves Showing th« Relation Between Corrent and Tbawlnr Time. 
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Time in Minuter ' 

Fiff. S. Tcmpemtan Rise— Time Carres for %%% •mperee. 



of the iron pipe wall itself with constant current are shown in 
the curves of Figure 3, page 6, for different sizes of pipes. 

These curves were plotted from data taken from tests made at 
Purdue University by C. A. Brown and F. C. Roth in which pipes 
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in open air were thawed. This method of testing eliminated 
undeterminable stray currents and variable soil characteristics. 
Voltages Required. — The voltages required depend upon the 
length of pipe, its size, and the amount of current to be sent 
through it. Since there is a large range of currents allowable, 
the voltage need not be closely adjustable. The electrical char- 
acteristics for frozen pipes of four different sizes, in open air, are 
indicated by the curves of Figures 4 to 6 inclusive. Values of 
apparent resistance (impedance) from these curves are given in 




Amperes - ^/fernaf/ny Correnf 

Fiff. C. Alternating Voltage Drop per 100 feet of Pipe. 
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Table I. The voltages required for direct current thawing can 
be calculated by multiplying the resistance given in Figure 4 by 
the thawing current and the length of pipe in hundreds of feet. 

Some installations are arranged to give a close control of 
voltage but this is not a fundamental necessity. Such control is 
of value where sufficient use is to be made of the equipment to 
warrant the extra apparatus necessary to obtain higher electrical 
efficiencies and greater flexibility. 

Alternating Current Equipments 

A scheme for an alternating current equipment is shown dia- 
grammatically in Figure 7, page 8. A bank of transformers is 
connected to the power lines in such a way as to give some con- 
trol of voltage for ranges of 10 to 110 volts. Spare distribution 
transformers using series-parallel switches are commonly used, 
connected to the 2200 volt lines. A Wright demand meter has 
been used to protect the transformers from excessive overloads, 
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Fiff. 7. An Amniffement of Pipe Thawinc Eqolpment. 



in place of the ammeter. Unless there is considerable flexibility 
of control of voltage in the transformers, the impedance should 
be included to limit currents for short pipes. 

The entire outfit, including transformers, switches, and reels 
is usually semi-permanently mounted on a sled, w^agon, or truck. 

The impedance may be either a resistance or a reactance. A 
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water-barrel rheostat, using 10 pounds of salt to the barrel of 
water, gives good results. Interchangeable low-voltage leads of 
different sizes may be used. Current densities in the leads may 
be somewhat greater than ordinarily allowed, due to the cold air 
surrounding the wires. For a reactance, a coil of about twenty 
turns around an old 15 k.v.a. transformer core, or any laminated 
iron core about 6 inches square is satisfactory. Another scheme 
is to use an iron core on the low-tension wire reel. In this case 
the reactance is automatically lowered as the wire is unreeled 
for longer pipes where the reactance is undesirable. 
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Fiff. 8. A Simple Transformer Connection. 



Transformer Arrangement. — The transformers can be ar- 
ranged in a large number of ways. To avoid heavily overloading 
the regular distribution transformers which would probably 
occur, power should be taken from the 2200 volt mains in place 
of the 220 volt lines wherever possible. However, since they are 
operating only for short lengths of time, and in cold weather, 
both the special transformers and the distribution transformers 
may safely be operated at twice rated current or even more. 

A simple transformer arrangement is shown in Figure 8, in 
which two 5 k.v.a. distribution transformers, connected for 2200 
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volts to 110 volts transformation, are connected through a series- 
parallel switching arrangement of fused cut-outs to the 2200 volt 
mains. When the primaries are in series, the parallelled sec- 
ondaries give 55 volts; with the primaries in parallel, the sec- 
ondaries give 110 volts. In either case rated current is 90 
amperes, but for duty outdoors in freezing temperatures up to 
200 amperes may be drawn safely for an hour. This value is 
ample for ^-inch and 1-inch pipes, and the 110 volts will be suf- 
ficient for any ordinary service connection of these sizes. This 
arrangement should be operated ordinarily with the series im- 
pedance in the low-voltage side to limit the current, and an 
ammeter should be used as a safety measure. 

If two 10 k.v.a. transformers, or larger, are used in place of the 
two 5 k.v.a. specified, the impedance is not necessary, although 
it adds to the facility of control ; the currents then being within 
the capacity of the transformers. 

An extremely flexible arrangement is one shown in Figure 9. 
While it is carefully designed, and gives high electrical efficien- 
cies and flexibility of control, it is not used to any great extent 
as it requires considerable equipment. With the double pole 
double throw switch thrown to the "series" position the low- 
voltage range is from 11 to 44 volts in steps of 5j4 volts; thrown 
to "multiple" the range is from 22 to 88 volts in steps of 11 volts. 
The short time current capacity in either case is 500 amperes. 
This type of set is especially applicable for use on mains of fairly 
large size. 

^^^a ra/f fine 



ffa-/ 



MMMMM 



SKI//9 

«r^ 



/iaZ 



wmm 



/io.j 



mmmj 



strvA s/fv/t stfifA 



J^M cuf>otfh 



na^ 



JBUtJtttttUIL 



/ ^ J ^ 

a^ar Switch 




6 7 



/yore 

/9 /J connected U 
to ohHairt a^tred 



fifttfhtrprmf mf 
to ofaHr pip9 



FUr. 9. A Flexible Arninffemcnt of Traiufonncra. 



Digitized by VjOOQIC 



THAWING WATER PIPES WITH ELECTRIC CURRENT 



11 



Operation from 220 volt lines is often desirable. This is espe- 
cially true where the supply of spare transformers is limited, and 
more labor can economically be expended to conserve equip- 
ment. Sometimes, also, the 2200 volt mains may not be readily 
available. 




Fiff. !•. An Armnffcmcnt for 229-Tolt Sapply* 

Overloading of the regular distribution transformers is usually 
unavoidable, and care must be taken to keep the overload within 
reason by using lower currents and allowing more time. 

One connection for this service is shown in Figure 10. In 
another the primary windings are connected in series and the 
secondaries in parallel. The connection to be used depends on 
the size and length of the pipe, and the amount the distribution 
transformers may be overloaded. 

Special Thawing Equipments 

A series instrument transformer rated at 80 amperes with a 
16 to 1 ratio has been successfully used. The low-current side 
was connected in series with a bank of eight 80-watt lamps and 
fed from 110-volt mains. This made nearly 100 amperes avail- 
able at the pipe, which was connected to the high-current side. 
With this arrangement a ^-inch pipe in a power-house was 
thawed in eight minutes, using 0.042 kw. hr. 

Special transformers are available on the market and their 
greater convenience and economy justify their use where the 
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demand for thawing service is sufficient to warrant the invest- 
ment in special equipment. Some of the small commercial de- 
signs operate from a house-plug, indoors. 

Direct Current Thawing Equipment 

Thawing by direct currents is feasible and has been done suc- 
cessfully. A gas engine-driven generator of 10 to 20 kw. capac- 
ity, mounted on a sled or truck and operating at 5 to 25 volts may 
be used ; or the generator may be mounted on a tractor and belt 
driven from the pulley. Complications enter where a 115-125-volt 
machine is used, since, due to the shape of the magnetization 
curve, it may prove necessary to separately excite the generator. 
Lower than rated speeds may be used, but this lowers the over- 
load capacity of the machine which is lower than in transformers. 

Two unusual cases of attempts to thaw pipes electrically have 
been given publicity. In one case a six-inch main submerged in 
water of 30*" F. and moving 5 to 7 miles per hour was success- 
fully thawed ; but it required 600 kw. transformer capacity for 
three days to do the job. In another case, where a 4-inch main 
was submerged in tidewater marshes the attempt was abandoned 
after currents of from 300 to 3000 amperes gave no results after 
several days. 

III. GENERAL RESULTS 

Charges and Energy Consumption in Thawing Service. — 

Charges and energy consumption are matters dependent upon 
local conditions. The usual job requires 2 to 15 kw. hr. of en- 
ergy ; and a single outfit can thaw up to twenty pipes per day. 
Tables II and III, page 14, show some values obtained from 
various sources. 

In some cases, notably where both the water and light plants 
are municipally owned, the thawing is done free as part of the 
service. In other cases charges are made ranging from $5 per 
job for J^-inch pipe to $15 for larger sized pipe. Another plan 
combines an energy charge with a time charge for labor and 
equipment, for the larger sizes of pipe ; a flat rate being charged 
for jobs involving smaller pipes. The costs of this service for a 
number of cities of United States and Canada as abstracted from 
various sources, chiefly from the Electrical World, are tabulated 
in Table IV, page 15. 

Precautions and Dangers. — These are chiefly as follows : 
(1) Stray return currents create a fire risk which is mini- 
mized when the house pipes can be disconnected from the frozen 
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portion of the service pipe. This disconnection is required in 
some cities. 

(2) Currents must be limited to not much over twice the 
rating of all apparatus involved, outdoors. This is done by volt- 
age control, or by impedance in the low-voltage circuit. 

(3) Properly sized leads should be used, with good insula- 
tion, and provided with secure clamps at the terminals. 

SUMMARY 

The following is a brief summary on the problem of pipe 
thawing : 

(1) For exposed pipes the blowtorch is most convenient. 

(2) Where only a few straight services are to be thawed, the 
thawing is most economically done by inserting a live wire in the 
frozen pipe and thawing by the water-rheostat method. 

(3) Where crooked service pipes are to be thawed, spare 
distribution transformers may be used in different ways, from 
either the 220-volt or 2200-volt lines, preferably the latter. 

(4) Where there is an extensive demand for thawing service 
specially designed thawing transformers or home-made equip- 
ments with some flexibility in voltage and current control are 
desirable, as they save both time and expense and minimize the 
danger hazards to employees. 

Table I. — Apparent Resistance of Commercial Steel Pipe in Ohms 

per 100 feet of Pipe on Direct Current and 60 

Cycles Alternating Current 



SisaofiPJpe 


Direct Current 


Apparent Resistance to Alternating Ourrait 


(inebea) 


ObmB 


Ohms Impedance 




100 amps. 


200 amps. I aooampa. 


V4 


.052 


.131 


.103 


.097 


% 


.041 


.094 


.088 


.081 


y% 


.028 


.092 


.060 


.072 


% 


.022 


.088 


.073 


.066 


1 


.013 





.058 


.052 


Wk 


.009 


— 


.041 


.042 
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Table II. — Sample Data from Thawing Iron Pipes 



Size of Pipe 


LeDRth 






Time 




Incbee 


of Pipe 




■ 


ReQuIred 




Nominal 


in 


Amperes 


VolUge 


in 




Diameter 


Feet 


Used 


Required 


Minutes 


KwHra. 


Va 


60 


140 


130 


20 


6.1 


V2 


100 


110 


120 


40 


6.6 


Vz 


120 


120 


130 


15 


3.9 


V2 


125 


120 


120 


30 


7.2 


V2 


125 


125 


100 


10 


2.1 


% 


16 


20 


___ 


270 


1.75 


% 


40 


300 


50 


8 


2.0 


% 


60 


350 


110 


20 


11.8 


% 


70 


300 


110 


30 


16.5 


% 


100 


150 


55 


72 


16.5 


% 


100 


135 


55 


10 


1.24 


% 


250 


400 


50 


20 


3.3 




100 


150 


60 


20 


— 




100 


150 


60 


25 






250 


500 


50 


20 






250 


480 


50 


15 






500 


200 


70 


5^60 






700 


175 


55 


300 




iy4 


75 


175 


115 


30 


lo'.i 


2 


30} 
50) 


60 


130 


30 


3.9 


2 


100 


150 


130 


30 


9.8 


2 


30 


110 






59.4 


4 


1300 


260 


"55 


180 


42.9 


6 


one block 





100 


60 


75.0 





700 






150 




10 


800 


400 


"70 


120 


56*0 



Table III. — Summaries from a Large Number of Thawing Jobs. 



Size of 
Pipe 

"^ 

%€ 
1 C 

iy4C 

iVaC 

2 c 

%L 

%^ 

1 L 

iy4L 
ly^L 

2 L 
Miw. L 



Number of 
Services 

T 

180 
55 
75 
35 
12 

3 

2 
53 
20 
19 

8 

2 
125 



Average Length 
in Feet 

"3377^ 
36.1 
18J> 
40.4 
40.8 
42.9 
52.3 
32.5 
42.0 
57.5 
61.0 
39.3 
45.0 



1 Average CXu-rent 


Average Time 


In Amperes 


in Minutes 


250 


19.6 


323 


8.1 


350 


8.3 


340 


14.5 


372 


9.5 


360 


20.8 


416 


13.0 


287 


7.0 


341 


9.4 


369 


29.7 


403 


26.7 


393 


13.7 


450 


40.0 


™ 


30.0 



Note.— L, Lead Pipe. 
O, Iron Pipe. 
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Table IV.— Charges for Thawing, 1918 

aty 

New Rochelle, N. Y 

Madison, Wis 

Niagara Falls, Ont 

Patterson, N. J 

Green Bay, Wis 

Trenton, N. J 

St. Louis, Mo 

Minneapolis, Minn 

Rutland, Vt 

Lawrence, Kansas 

Gary, Indiana 

Petersboro, Ont 

Kitchener, Ont 

New York Ci ty, N. Y 

Average from 866 services. 

CTharge Is $1.00 per ICO feet, mlnlniuin $10.00. 



1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
iO. 

n. 

12. 
13. 
14. 
15. 



Cost per Job 



$15.00 
10.00 
10.00 
8.20 
7.70 
7.50 
6.58 
5.00 
4.11* 
3.25 
3.00 
2.54 
2.50 
2.00 



IV. APPENDIX 

In this appendix are given the bills of material for some of the 
thawing sets previously described. 

A. Material for the thawing set described on page 4: 

1 fuse block. 

2 fuse plugs 20 amperes 125 volt. 

100 foot wire, weatherproof No. 8 B. & S. 

1 insulator tip to fit end of wire. 

B. Material needed for the thawing set described on page 8: 

2 transformers, 5 k.v.a. 1100-2200/110-220 volts. 
5 cutouts, 2200 volts, fused for 7j^ amperes. 

1 ammeter 500 amperes (optional). 

1 reactance (or resistance) optional excepting on short pipes 

of 30 feet or less. 
250 feet wire, weatherproof No. 00 B. & S. 

(Secondary leads, 75 feet and 175 feet). 
100 feet wire, weatherproof No. 10 B. & S. 

(Primary leads, 50 feet and 50 feet). 

1 switch 250 volt, 400 ampere, SPST or DPST. 

2 wire clamps. 

3 wire reels (optional). 

C. Material needed for the thawing set described on page 1 1 : 
1 ammeter 200 amperes. 

1 DPST switch 250 volt 400 ampere. 
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200 feet weatherproof No. 1 B. & S. wire. 

150 feet weatherproof No. 00 B. & S. wire. 

2 clamps. 

1 transformer 20 or 30 k.v.a. 1100-2200/110-220 volts. 
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CONNECTION CHECKS FOR POLYPHASE 
WATTHOUR METERS. 



I. INTRODUCTION 

It is the purpose of this Bulletin to provide an operating manual 
on the subject of checking the connections of polyphase watthour 
meters. In this manual all theory as to why the checks operate has 
been purposely omitted. 

The assembling of the material, which this Bulletin contains, in 
the form of an operating manual was deemed worth while because 
of the numl>er of polyphase meters actually installed that have been 
found to be improperly connected. On any large public utility prop- 
erty improperly connected meters are constantly being reported, and 
it is by no means unreasonable to conclude that there are a great 
many such meters now in operation in this country. 

At the outset it will be well to emphasize the fact that no check 
subsequently applied is as valuable as correctness of connection in 
the original installation. At the time of the original installation the 
lines are usually dead and if all instrument transformers are first 
carefully checked and thoroughly marked, and a standard method 
of connecting in the meter is adhered to, the likelihood of making 
a mistake will be small. Furthermore, many of the checks to be 
described later, which could be applied at an original installation with 
comparative ease, are often extremely diflPicult to apply at some 
subsequent time. ' Standardized methods of checking and marking all 
instrument transformers and meters is to be highly recommended. 

The checks that follow are divided into four parts: 

1. Special apparatus needed, if any. 

2. The mechanical or physical operations in the order of their 
performance. 

3. Simple and conclusive rules for interpreting the results of 
the operations in (2). 

4. Advantages and disadvantages of the check. 

Since some of the checks depend upon the number of leads brought 
to the meter, it is necessary to classify meters accordins: to their con- 
nections. The classification adopted here is given in Fig. 1. Thus, 
a Class A meter refers to one used without instrument transformers 
where all leads are independently connected to the lines. 
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Fijr. 1. — ClaMdflcmtion of Meter Connections. 
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CHECK NO. 1 

OPENING THE LINES 

Special Apparatus: None. 

Procedure: 

Step 1. See that the meter is running in the right direction with 
both elements connected. 

Step 2. Open that main line wire which contains one of the cur- 
rent elements of the meter or current transformer at a point on the 
line side ahead of all taps to the meter and also on the load side at 
a point behind all taps to the meter, A 1 and A 2, Fig. 2. 

Step 3. Note direction of rotation of disc. 

Step 4. Close the line at the points opened in Step 2. 

Step 5. Open the other line wire which furnishes current to the 
meter at two points, as in Step 2, B 1 and B 2, Fig. 2. 
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Fir. 2.— Illustration of Check No. 1. 

Step 6. Note direction of rotation of disc. 

Step 7. Close the line at the points opened in Step 5. 

Interpretation : 

Rule I. If the rotation in both Steps j and 6 is forimrd the meter 
is correctly connected. 

Rule 2. If either Step s or Step 6 shozvs reversed rotation, either 
the current or the voltage coil of the element left in the circuit should 
be reversed. 



Digitized by VjOOQIC 



6 PURDUE ENGINEERING EXTENSION SERVICE 

Advantages: 

1. The test is effective on any class of meter with or without bal- 
anced load, and at any power factor leading or lagging. 

2. The leads do not have to be traced. 

Disadvantages: 

1. Only rarely is it possible from a mechanical standpoint to open 
a main line in two places. 

2. Even if it is possible from this standpoint to open the line, it 
often happens that it is impracticable to interrupt the load. 

CHECK NO. 2 

THE ACHERMAN CHECK 

Special Apparatus: None. 
Procedure : 

Step 1. Be sure meter is either class B, E, or F. 

Step 2. Be sure the proper current and potential circuits are c m- 
bined in the same meter element. 

Step 3. So connect the current leads to their respective meter 
coils as to obtain forward rotation for the meter as a whole. 

Step 4. Be sure that the load is not badly unbalanced. The differ- 
ence between the largest and the smallest line currents should not be 
more than 25 per cent of the smallest. 

Step 5. Open the common voltage lead (P^ Fig. 3) but leave the 
two meter potential coils strapped together as shown in Fig. 3. 

Step 6. Note direction of rotation. 

Step 7. Replace the common potential lead P^. 

Interpretation : 

Rule I. If Step 6 gives fommrd rotation the meter is eorreetly con- 
nected. 

Rule 2. If Step 6 gives backzcard rotation the meter is improperly 
connected. 

Rule J. To correct the connections reopen the common potential 
lead Pj and reverse that current coil that unll give forward rotation 
and then replace the common potential lead P^. 

Rule 4. If now the lightly loaded element by itself rotates back- 
wards the power factor is Ics^s than 50 per cent, and if it rotates for- 
ward it is greater than $0 per cent. 

Advantages : 

1. No special apparatus is required. 

2. Exact load balance is not required. 

3. Knowledge of the power factor is not required. 
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Fiir. 3.-— Illustration of Check No. 2. 

Disadvantages : 

1. The leads must be traced. 

2. The check is limited to certain classes of connections. 

CHECK NO. 3 

THE BROWN CHECK 

Special Apparatus: A hip^h non-inductive resistance of 10,000 
ohms or more. 

Procedure : 

Step 1. Be sure the load is approximately balanced. 
Step 2. Determine whether the power factor is leading or lagging. 
Step 3. Be sure the proper current and potential elements are com- 
bined in the same meter element. 
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Step 4. So connect the current leads to their respective current 
coils as to obtain forward rotation for the meter as a whole. 

Step 5. Determine which is the heavily loaded or fast moving ele- 
ment hy opening each potential circuit in turn. 

Step 6. Disconnect the fast moving element by opening its po- 
tential circuit. 

Step 7. Insert the high resistance in series with the potential coil 
of the slow moving element. (See Fig. 4.) 

Step 8. Note the direction of the rotation of the disc. 

Step 9. Remove the high resistance and replace all leads. 
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Fiir. 4.— Illnstnition of Check No. 3. 



Interpretation : 

Rule I, If Step 2 slwu*s a lagging pozcer factor and Step 8 hack^ 
lizard rotation, the nwter is correctly connected. 

Rule 2, If Step 2 shows a leading poxver factor and Step 8 forzcara 
rotation, the meter is correctly connected. 

Rule J. If in Rule i the meter rotates fon^nird and in Rule 2 back- 
zvards it is improperly connected. 

Advantage : 

1. Effective on any Class of meter but Class C. 

Disadvantages : 

1. Si>ecial apparatus is needed. 

2. Some lead tracing is necessary. 

3. Some knowledge of the power factor is required. 
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4. Difficulty in determining the fast and slow elements at power 
factors near unity. 

5. Approximate load balance is required. 



CHECK NO. 4 

THE KOUWENHOVEN CHECK 
Special Apparatus: None. 

Procedure : 

Step 1. Be sure the load is approximately balanced. 

Step 2. Determine which class of connections are used. 

Step 3. Determine the two potential leads that are connected to the 
line wires that furnish current to the current coils. ( See Figs. 5 and 
6, leads x and y.) 

Step 4. Be sure that the common potential leads are not connected 
to the same coil as in Figs. 5 and 6 (d). 

Step 5. Be sure that the common potential leads are not connected 
to a line wire that furnishes current to a current coil as in Figs. 5 
and 6 (e). 

Step 6. Interchange leads x and y, as found in Step 3, at the 
meter for Classes A and B and on the primary side of the potential 
transformers for Classes D, E and F. 

Step 7. Note the speed of rotation, if any. 

Note : For Class A meters Steps 4 and 5 may be omitted. For 
Class B, E and F meters Steps 4 and 5 reduce to making sure that 
the common potential lead P2 is connected to the proper line wire. 
Interpretation: 

Rule I. If after Step 7 the meter stops or runs very slozi*ly in 
either direction the meter is correctly connected. 

Rule 2. If after Step 7 the meter runs fonvard at increased speed, 
restore the voltage connections as they were originally before Step 7 
and reverse that current coil that will give fonvard rotation after re- 
versal. 

Rule J. // after Step 7 the rotation is forward at reduced speedy 
in the neighborhood of 3^, leave the voltage connections as they are 
after Step 7 and reverse tlvat current coil that will give fonvard ro- 
tation after reversal. 

Rule 4. If the meter rotates backivards at any appreciable speed 
after Step 7 the connections are hopelessly wrong and the meter 
should be entirelv rezvired. 
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Fir. 5.— Illiutration of Check No. 4. 
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Fic «.»Illottration of Check No. 4. 



Digitized by VjOOQIC 



1 2 PURDUE ENGINEERING EXTENSION SERVICE 

Advantages : 

1. No knowledge of the power factor is required. 

2. Information is available to correct the connections should they 
prove to be wrong. 

Disadvantages : 

1. Considerable lead tracing is necessary. 

2. Approximate load balance is required. 

NoTK: By modifying Rule 1 slightly and excluding Rules 2, 3 and 
4, this check may be used on unbalanced circuits, but the conditions 
surrounding its application under such circumstances are so numer- 
ous and complex that it has not been included in this manual. 

CHECK NO. 6 

FOR CLASS C METERS 
Special Apparatus : Stop watch. 

Procedure : 

Step 1. Connect the meter so that it rotates in the forward direc- 
tion with all leads intact. 

Step 2. Be sure the load remains constant during the time of mak- 
ing the check. 

Step 3. Time one revolution of the disc. 




Fig. 7.— Illastration of Check No. 5. 



Step 4. Open the common potention lead P.^ Fig. 7, at a point as 
shown so that the two potential coils are still strapped together. 
Step 5. Note the direction of the rotation of the disc. 
Step 6. Time one revolution of the disc. 
Step 7. Replace lead P,. 
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Interpretation: 

Rule I, If Step 5 shows forward rotation and if in Step 6 the time 

is approximately twiee that in Step j, the meter is eorreetly eonneeted. 

Rule 2. If the meter does anything else, it is improperly connected. 

Advantages: 

1. No knowledge of the power factor is required. 

2. It is not necessary that the load shall be balanced. 

Disadvantages : 

1. Some lead tracing is necessary. 

2. The load must remain constant while the check is being made. 

CHECK NO. 6 

THE JONES CHECK 

Special Apparatus: 1. A 25-watt lamp. 2. A stop watch. 3. Figs. 
9 and 10. 4. Tables 1, 2 and 3. See pages 15, 16, 18 and 19. 

Procedure : 

Step 1. Be sure that the load is approximately balanced. 

Step 2. So connect the current leads to their respective current 
coils as to obtain forward rotation for the meter as a whole. 
Step. 3. If less than 8 leads are brought into the meter one or more 
of them will be common leads to both elements,. current or voltage as 
the case may l)e. This may result in such connections as (c) and 
(d) of Fig. 8, if the wrong wire should be chosen for the common 
potential or common current lead. These connections must be elim- 
inated. 

For the case of Fig. 8 (c) the simplest method is to place the 25- 
watt lamp, first, from a to b, and then c to b, and if it burns with 
the same brilliancy in both cases, lead b is the right common lead. 
If in one case the lamp is very much brighter than in the other, the 
wrong lead was assumed to be common. 

For a case such as is shown in Fig. 8 (d), short each meter ele- 
ment current coil in turn and if the meter stops in either case, the 
wrong lead was assumed to be common. If the meter does not stop 
while either coil is short circuited, then the lead assumed to be com- 
mon to both coils is the proper lead. 

Step 4. Open the bottom element potential circuit. 

Step 5. Time one revolution of the disc. 

Step 6. Close the bottom element potential circuit. 

Step 7. Open the top element potential circuit. 

Step 8. Time one revohition of the disc. 
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Step 9. Interchange potential leads. That is, put those leads that 
were on the top element on the bottom and those that were on the 
bottom on the top. [(See Fig. 8 (a) and (b).] 

Note: Care must be exercised at this point not to inadvertently 
assume the wrong common lead again. If there is any doubt repeat 
Step 3. 

Step 10. Open the bottom element potential circuit. 

Step 11. Time one revolution of the disc. 

Step 12. Close the bottom element potential circuit. 

Step 13. Open the top element potential circuit. 

Step 14. Time one revolution of the disc. 

Step 15. If Steps 5 and 8 are approximately equal, insert the lamp 
in series with the top potential element with the leads left as they 
were after Step 9. 

Step 16. If Steps 11 and 14 are the ones that are approximately 
equal, change the potential leads back to their original positions be- 
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Fiff. 8.— Illaatration of Clieek No. C. 
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fore Step 9 and then insert the lamp in series with the top potential 
element. 

Step 17. Open the bottom potential element. 

Step 18. Time one revolution of the disc. 

Step 19. Insert the lamp in series with the bottom potential element. 

Step 20. Open the top element potential circuit. 

Step 21, Time one revolution of the disc. 

Step 22, Change Steps 5, 8, 11, 14, 18 and 21 to revolutions per 
minute. 

Interpretation: 

Rule I, In Step 22 one set of values, either those resulting from 
Steps 5 and 8, or Steps 11 and 14, will give speeds approximately 
equal. 

Rule 2, Take that pair tfmt are not approximately equal and divide 
the slozv one by the fast one. This will give ratio A^ Table 2. 

Rule J. Take the fast one of this pair and divide it by the average 
of the pair that arc nearly equal. This will give ratio B, Table 2, 

Table 1. — Possible Groups for Check No. 6. 



II the speeds of the two meter 
elements are different 



If the speeds of the two meter ele- 
ments are approximately equal 



Group 1 



Only correct grouping 

E12 I2 cos (30 + 
— Eai I3 cos (30 — 



B«i I2 cos (90 — ( 
Ei« l8 cos (90 — ( 



Group 2 



— E23 I2 cos (30 — i 
E12 I3 cos (90 — ^ 



E12 I2 cos (30 + { 
E2S Is cos (30 + { 



Group 3 



Eai I2 COS (90 — ( 
E2a Is cos (30 + ( 



— E28 I2 COS (30 — ( 
— Eai l8 cos (30 — ( 



Table 2. — Possible Combinations eor Check No. 6. 



Combination 



Combination I 



Combination II 



Combination III I Angle 



Ratio 



e 



.000 


1.00 


1.000 


a 


0.000 


1.000 





.058 


1.06 


0.942 


7.00 


0.062 


0.942 


8 


.114 


1.13 


0.885 


8.77 


0.129 


0.885 


t^ 


.167 


1.20 


0.832 


5.99 


0.202 


0.832 


9 


.219 


1.28 


0.781 


4.57 


0.280 


0.781 


12 


.2fi8 


1.37 


0.732 


3.73 


0.366 


0.732 


15 


.326 


1.46 


0.684 


3.07 


0.462 


0.684 


18 


.362 


1.57 


0.636 


2.76 


0.570 


0.636 


21 


.410 


1.60 


0.592 


2.44 


0.692 


0.592 


24 


.454 


1.84 


0.545 


2.20 


0.838 


0.545 


27 


.500 


2.00 


0.500 


2.00 


1.000 


0.500 


80 
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Table 3. — Zonb Groupings for Check No. 6. 



Combination I 


Oomblnation II 


Combioation III 


Zone 




Group 3 


Group 2 


Group 1 


Al 




•• 1 


" 2 


" S 


A2 




•• 2 


" 1 


" 3 


AS 




" 3 


" 1 


" 1 


B3 




" 1 


" 3 


" 2 


B2 




" 2 


•• 3 


" 2 


Bl 





Rule 4. From the values of the ratios A and B found above deter- 
mine the combination which contains such a pair of ratios and the 
nearest value of the angle G. Using table 2. 

Rule 5. Make a table of five columns headed as follows: 



1 

No. 


2 
Zones 


3 
Groups 


4 

Power Factors 


5 

Angle expressions 
for cosine values 


1 


Al 
A2 
A3 
B3 
B2 
Bl 






2 






8 






4 






5 






6 















Rule 6. Hazing determined the comkiftation by Rule 4, obtain the 
groups from Table j and place them in their proper order in column 
J above. 

Rule 7. With the value of B as found in Rule 4 and Fig, 10 de- 
termine the pozcer factor for each zone and place it in the right or- 
der in column 4 above. 

Rule 8. By the use of Table i {unlike speed values) place in column 
5 above, the angle expressions for the groups in column j. 

Rule p. By the speeds found in Step 22 resulting from Steps 18 
and 21 we can determine the effect of DECREASING the power 
factor upon the speeds of the fast and slow elements — that is, 
whether they speed up or slozv dowti. 

Rule 10, Taking this effect to Fig, p, together unth the angle ex- 
pressions in the table of Rule 5, and remembering tliat the fast ele- 
ment alzvays has the highest value of the cosine and that the angle 
increases as the power factor decreases, determine zvhich of the two 
group I's will satisfy this effect. Repeat for the group 2's and fs 
{see examples pages 17 and 21), 

Rule II. Discard all those not applying. 
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Rule 12. To distinguish between the remaining possibilities (in 
general three), use must be made of the tester's knowledge of local 
load conditions. (See examples pages 17 and 21.) 

Rule 13, Having decided which of the three in Rule 12 meets local 
conditions, use Table i and the fact that for power factors below 50 
per cent the slow element should tend to rotate backwards, and for 
power factors above 50 per cent, it should rotate forward, while in 
both cases the fast element should rotate forward, to muke the neces- 
sary corrections. 

Advantages: 

1. Absolutely no knowledge of the Class of meter or its connec- 
tions is necessary. 

2. Therefore no lead tracing is required. 

Disadvantages : 

1. This check is somewhat complicated. 

2. Special charts and apparatus are required. 

3. Some knowledge of the power factor is essential. 

4. A balanced load is necessary. 

5. Some difficulty may be experienced in differentiating between 
the fast and slow elements at power factors near unity. 

The following examples will help to illustrate Check No. 6 : 

EXAMPLE 1 

In a certain meter installation Step 5 gave 19 sec. 

'' 8 " 17 sec. 
" 11 " 24 sec. 
" 14 " 49 sec. 
Since Steps 5 and 8 are approximately equal Step 13 applies, and 
Step 18 gave 33 sec. 
" 21 " 32 sec. 
Step 22 gives the following : 

60 
From Step 5 Top element before interchange = — = 3.16 R.P.M. 

19 

60 
From Step 8 Bottom element before interchange = — = 3.53 
R.P.M. 17 

60 
From Step 11 Top element after interchange = — = 2.50 R.P.M. 

24 
60 
From Step 14 Bottom element after interchange = — = 1.22 R.P.M. 

40 
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60 

60 



From Step 18 Top element with lamp 



1.82 R.P.M. 



From Step 21 Bottom element with lamp = — = 1.88 R.P.M. 

32 
As stated in Rule 1 we find Steps 5 and 8 approximately equal. 
Therefore, according to Rule 2 we take the values resulting from 
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Fie. 9.— Carres for Um with Checic No. C. 
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Fir. 10.— Conrcs for Use with Check No. 6. 
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122 

Steps 11 and 14. This gives ratio A := = 0.49. 

2.5 
Applying rule 3 we find the average of Steps 5 and 8 as follows : 

6.69 

3.16 + 3.53 = 6.69. Av. = = 3.34. 

2 
2.5 

Therefore ratio B = = 0.75. 

3.34 
Applying Rule 4, we see from Table 2 that the only combination 
that contains such a pair of ratios is Combination III at about 19°. 
Applying Rule 5, we draw up the following table : 



1 

No. 


2 

Zones 


3 
Groups 


1 
Power Factor 


5 

Angle Expression!! 
(or cosine values 


1 

:{ 
4 


Al 
A 2 
A.i 
B3 
B2 

in 


1 

.1 
.{ 
1 
2 
2 


20% 

95% 
9.t% 

75% 
20% 


(30 + A), (30 -Q) 
(90-§), (30 + 6) 
(90-§). (30 + A) 
(30 + $), (30- A) 
(30- A). (90 -A) 
i3O-0). (90-0) 



Applying Rule 6, by taking Combination III to Table 3 we get 
column 3 above. 

Applying Rule 7, by taking = 19* to Fig. 10 and from the 
curves obtain the power factor possible for each zone. These we ar- 
range in column 4. 

Applying Rule 8, by taking column 3 above to the first column of 
Table 1 we obtain the angle expressions for column 5. 

Applying Rule 9, we note from the speeds given in Step 22 from 
the values of Steps 18 and 21 that 1.82 is slower than 2.5 and that 
1.88 is faster than 1.22. Therefore, the effect of decreasing the 
power factor is to slow down the fast element and speed up the slow 
element. 

Rules 10 and 11. From the table in Rule 5 we see that we must 
first distinguish between group 1 in zone A 1 and group 1 in zone 
B 3, then, group 3 in zone A 2 and group 3 in zone A 3, and finally, 
group 2 in zone B 2 and group 2 in zone B 1. Taking the first pair 
we see, from column 5 of the table, that the angle expressions for 
group 1 are (30 + 0) and (30 — 0). Turning to Fig. 9 we see that 
the curve (30 — 0) has a higher value for its cosine in zone A 1 
than does the curve (30 + 0) but in zone B3 the opposite is the 
case. Thus in zone A 1 the fast element corresponds to the expres- 
sion (30 — 0), but in zone B3 the fast element corresponds to 
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(30+ 9). In zone A 1 the fast element curve slows down as the 
power factor angle increases from 60 to 90 (power factor decreas- 
ing) while the slow element curve corresponding to the expression 
(30+0) speeds up in zone A 1. This satisfies the effect found in 
Rule 9. In zone B 3 we find just the opposite taking place. The fast 
element curve which now corresponds to (30+0) speeds up as 
the angle changes from to — 30 and the slow element curve cor- 
responding to the expression (30 — 0) slows down. It is obvious 
that this is just opposite to the effect found in Rule 9. Therefore, 
we may safely discard the zone B 3 possibility in favor of the 
zone A 1. In like manner we proceed with the second pair, group 3 
in zones A 2, and A 3, and we find that the fast element curve (90 
— 0) in zone Ag speeds up and the slow element curve (30+0) 
slows down which is contrary to the effect of Rule 9. In zone A 3 
on the other hand we find the curve (30 -|- 0) corresponding to the 
fast element decreasing, and the curve (90 — 0) corresponding to 
the slow element increasing, which satisfies the effect found by Rule 
9. Consequently we may safely discard zone A 2. In the same 
manner we find that zone B 2 can safely be discarded. 

Rule 12. We now have left in our table of Rule 5 

No. 1 at 20 per cent power factor lagging, 

No. 3 at 95 per cent power factor lagging, and 

No. 6 at 20 per cent power factor leading. 

To distinguish between these three we have to draw upon our 
knowledge of local load conditions. In this particular case the load 
was an induction motor running idle and we, therefore, know that 
the power factor was below 50 per cent lagging. Therefore No. 1 is 
the actual meter connection. 

Rule 13. Since the speeds of the elements were alike originally 
we see from Table 1 that to change group 1, like speeds, to group 1, 
unlike speeds, we have to interchange the voltage leads. That is. put 
those leads that were on the bottom element on the top element. Also, 
since the power factor is below 50 per cent, so connect the voltage 
leads to the slow element that it rotates backwards. 

We may now pronounce the meter correctly connected. 

EXAMPLE 2 

In a certain meter installation Step 5 gave 26 sec. 

" 8 " 8 sec. 
" 11 " 15 sec. 
" 14 " 15 sec. 
Since Steps 11 and 14 are now the ones that arc approximately 
equal, Step 16 applies. 
Step 18 gave 115 sec. 
*' 21 " 10 sec. 
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Step 22 gives the following : 

60 
From Step 5 Top element before interchange = — := 2.3 R.P.M. 

26 

60 
From Step 8 Bottom element before interchange =r — z= 7.5 
R.P.M. 8 

60 
From Step 11 Top element after interchange = — nr 4.0 R.P.M. 

15 

60 
From Step 14 Bottom element after interchange = — = 4.0 
R.P.M. 15 

60 

From Step 18 Top element with lamp = =z 0.52 R.P.M. 

115 

60 
From Step 21 Bottom element with lamp = — = 6.0 R.P.M. 

10 
As stated in Rule 1, we find Steps 11 and 14 approximately equal. 
Therefore, according to Rule 2, we take the values resulting from 

2.3 

Steps 5 and 8, This gives ratio A = = 0.307. 

7.5 
7.5 

Applying Rule 3 we find ratio B =z z= 1 .87 

4 
Applying Rule 4, we see from Table 2 that the only combination 
that contains such a pair of ratios is Combination I at about 16**. 

Applying Rule 5, we draw up the following table: 

3 4 5 

Groups Power Factor Anglo Expressions 

for co8ln.^ values 



1 


2 


No. 


Zones 


1 

3 

4 
5 
6 


Al 
A2 
A3 
B3 
B2 
Bl 



.-i 2.-,% 

1 7l^c 

2 9<n 

1 71% 

2 25<^c 




Applying Rule 6, by taking Combination I to Table 3 we get 
column 3 above. 

Applying Rule 7, by taking O = 16' to Fig. 10 and from the 
curves obtain the power factors possible in each zone. These we ar- 
range in column 4. 
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Applying Rule 8, by taking column 3 above to the first column of 
Table 1 we obtain the angle expressions for column 5. 

Applying Rule 9, we note from the speeds given in Step 22 from 
the values of Steps 18 and 21 that 0.52 is slower than 2.3 and that 
6.0 is slower than 7.5. Therefore the effect of decreasing the power 
factor is to slow down both the fast and the slow element. 

Rules 10 and 11. From the table in Rule 5 we see that we must 
first distinguish between group 3 in zone A 1 and group 3 in zone 
B 3, then, group 1 in zone A 2 and group 1 in zone B 2, and finally 
group 2 in zone A 3 and group 2 in zone B 1. Taking the first pair 
we see from column 5 of the table that the angle expressions for 
group 3 are (90 — 0) and (30 -|- 0). Turning to Fig. 9, we see 
that the curve (90 — ©) has a higher value of its cosine in zone A 1 
than does (30 -f- 0)» but in zone B 3 the opposite is the case. Thus 
in zone A 1 the fast element corresponds to the expression (90 — 
O ) , but in zone B 3 the fast element corresponds to the expression 
(30+0). In zone A 1 the fast element curve (90 — 0) speeds up 
and the slow element curve (30 -|- 0) also speeds up as the power 
factor angle increases from 60 to 90 (power factor decreasing). 
This is contrary to the effect found in Rule 9. In zone B 3 we find 
again the same thing. The fast element curve (30+0) and the 
slow element curve (90 — 0) both speed up as the power factor 
angle increases from to — 30. Therefore we discard both of these 
possibilities. 

In like manner we proceed with the second pair, group 1 in zone 
A 2 and group 1 in zone B 2, and we find that the fast element curve 
(30 — 0) in zone A 2 and the slow element curve (30+0) in zone 
A 2 both decrease as the power factor angle increases from 30 to 60. 
This satisfies the effect found in Rule 9. In zone B 2 we find that 
the slow element curve (30 — 0) and the fast element curve (30 + 
0) both decrease in speed as the power factor angle increases from 
— 30 to — 60. This again satisfies the effect of Rule 9. Therefore 
we retain both of these values. 

In the same manner we proceed with the third pair in zones A 3 
and B 1, and find that we can discard both of them, as in neither 
zone do they satisfy the effect of Rule 9. 

Rule 12. We now have left in our table of Rule 5 

No. 2 at 71 per cent power factor lagging, and 

No. 5 at 71 per cent power factor leading. 

To distiriguish between these two we have to draw upon our 
knowledge of local load conditions. In this particular case the load 
was an induction motor. Therefore we know that a leading power 
factor is impossible, and that No. 2 is our actual meter connection. 

Rule 13. Since the speed of the elements were unlike originally, 
we see from Table 1 that as far as the voltage leads are concerned 
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the meter was correct, and now since we have determined that the 
power factor is above 50 per cent, we make sure that both elements 
run forward when connected independently and pronounce our 
meter correctly connected. 

CONCLUSIONS 

The best check to use in any given case as seen from the advan- 
tages and disadvantages listed under each check will depend upon 
local conditions, such as : 

1. Class of meter. 

2. Accessibility of installation. 

3. Whether or not the leads can be traced. / 

4. Knowledge of load power factor. 

5. Knowledge of load balance. 

(a) Degree of unbalance, if any. 

6. Amount of interruption and disturbance of load allowable. 

7. Amount of special apparatus obtainable. 

If we assume total ignorance of all these factors and the imprac- 
ticability of interrupting the load, we have only one course of action. 
Put jumpers around the entire installation, tag all leads, and remove 
both meter and instrument transformers to the laboratory where a 
thorough check may be made. 

If we assume total ignorance of all these factors but it is practic- 
able to open one line at a time, then Check Xo. 1 is the logical one 
to use. 

If we assume inability to trace the leads, such as in remote meter- 
ing, but have some knowledge of the load power factor and know 
that the load is approximately balanced. Check Xo. 6 is the best 
choice. 

If the load is badly unbalanced. Check Xo. 1 is the only satisfac- 
tory check, (Except class C meters). 

If the load is partially unbalanced Check Xo. 2 may be used within 
certain limits. 

If the meter is of the right class and the other conditions are com- 
plied with. Check Xo. 2 will be found most satisfactory for general 
use, especially in checking new installations. 

For checking old installations where all leads are accessible, Check 
Xo. 4 has the advantage in that it furnishes the information for mak- 
ing the corrections. 

For Class C meters Check Xo. 3 will satisfy almost every possi- 
bility. If the load cannot be held constant for a long enough pericxi 
to perform the test. Check Xo. 1 may be used. 

Of course any number of different checks may be applied to a 
given meter if the conditions are satisfactory, and one used as a 
check on another. 
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RECONSTRUCTION 
OF OLD GRAVEL ROADS 



INTRODUCTION 

Practically the entire United States is now engaged in an exten- 
sive program of highway construction and maintenance. The total 
amount of money spent in 1921 in this program is shown in Table 1. 
The data in this table were taken from an article published in the 
Roads and Streets edition of Engineering and Contracting, Febru- 
ary, 1925, by Henry R. Trumbower, Economist, United States Bu- 
reau of Public Roads. Probably twenty-five to thirty per cent of 

Tablk I. 

TOTAL EXPENDITURES FOR RURAL HIGHWAY PURPOSES— 1921 

By States, Counties, Townships and Districts 

Construction Roads and Bridges $ 626,965,373 

Maintenance Roads and Bridges 248,593,169 

Administration and Engineering „ 36,031,353 

Principal and Interest Payments 89,280,946 

General and Miscellaneous (Purchase and repair of 

equipment) 35,716,931 

Total n,036,587,772 

this total amount is spent for maintenance and reconstruction and 
doubtless much of this money could be saved with an increased 
knowledge of methods and materials. 

Indiana is fortunate in having widely distributed resources in good 
gravel and stone for road building. Most of the early roads were 
surfaced with gravel which could be secured with the least effort 
and cost. Unfortunately, however, a maj-ority of the early roads 
were constructed with little knowledge of the fundamentals of engi- 
neering involved. The development of the motor vehicle in the last 
two decades has introduced new highway problems which could not 
have been foreseen. As a consequence, one of the great problems 
today is the reconstruction of many of our roads, so that they can 
accommodate the new traffic and be maintained more efficiently. 

The experimental work described in this bulletin was undertaken 
in order to demonstrate the economic possibilities of new methods 
of maintenance reconstruction of gravel roads. The methods are 
not entirely new, but are the result of experience with improved 
equipment in recent years. In the past similar work using hand la- 
bor and horse-drawn equipment has been so expensive that little 
progress was made. 

This work was planned as an activity of the Engineering Exten- 
sion Service of Purdue University, and was made possible through 
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the cooperation of Mr. \V. E. Gove, Road Superintendent of Tippe- 
canoe County, who supplied a 10-ton Holt caterpillar tractor with 
operator, and J. D. Adams and Company, Indianapolis, who furn- 
ished a 12-foot adjustable leaning wheel grader with an operator. 

The general plan of the work is reviewed in this bulletin by 
Professor C. C. Albright of the School of Civil Engineering. The 
field observations and compilation of data were made by Mr. R. E. 
Mills, Research Assistant in the Purdue Engineering Experiment 
Station. 

METHOD OF RECONSTRUCTION 

The road selected for this experiment is located in the southeast 
part of Tippecanoe County about 12 miles from Lafayette, the 
county seat. The general character of the topography is smooth 
with very flat slopes, as is clearly illustrated by Figures 2 and 17. 
The sides of the road were covered with a dense growth of grass, 
weeds and in some places brush. A portion of these were cut and 
burned. The larger shrubs up to four or five inches in diameter 
were pulled out or cut off by the grader blade. The tractor had 
ample power and the grader sufficient strength to do this. 

In operations of the kind described in this bulletin the vegetation 
may be cut prior to the work of grading. However light growths 
can be removed more economically by the grader. Brush or trees 
too large for this operation should be either pulled out by the trac- 
tor or cut and removed from the road. 




Fiffure 1. — Typical CroM-Sccti«n •£ Old Road. 



A typical cross-section of the road is shown in Figure 1. The 
ground was practically flat between the fences which were 34 feet 
apart. A width of about 11 feet of gravel surface was exposed, 
the remainder of the road being covered with vegetation. Test pits 
indicated a 15-inch depth of gravel in the center of the road, 11 
inches at 5^ feet out and feathering to zero depth at 9 feet out. The 
original earth subgrade was crowned about two inches. There were 
practically no side ditches. 
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Fiffure 2. — ^Mowinff Grass and Weeds. 

In figures 2 and 3 the grass and weeds are being cut and burned 
prior to grading. This should always be done when there is a heavy 
growth of vegetation in order to facilitate grading operations, and 
to prevent excessive settling with resultant inequalities in the shoul- 
ders of the finished road. In no case should the vegetation be cut 
unless it is to be raked up and either burned or removed from the 
roadway, for when it is only cut down it bunches up under the 
grader and is more difficult to handle than if allowed to stand. 



Fiffare 3. — ^Bamingr Grass and Weeds. 
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Fisrure 4. — First Round — ^Throwinff Oot Sod. 

Figure 4 shows the first round of the grader making a light cut of 
about 3 inches which peels off the sod along the edges of the road 
and throws it out, thus exposing the gravel. In this round a road- 
bed was exposed over a maximum width of 21 feet. The first cut 
should be made as thin as possible, since heavy sod is difficult to 
break up and cover. 

Figure 5 shows the grader on the second round making a cut 
where the sod has just been removed, the purpose of this cut being to 
provide a place to bury the sod. The depth of the cut was ten inches. 



Flffvre 6. — Second Round — Throwing Gravel Toward Center. 
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Figure 6. — Ditch in Shoulder for Sod. 

The loose gravel and earth brought up by the blade of the grader 
was thrown over on the hard road surface. It might be well to add 
here that the quality of the reclaimed gravel was better than is indi- 
cated in the illustration. Care should be exercised, however, to pre- 
vent too much earth being thrown up with the gravel. 

Figure 6 is a view of the ditch which has just been cut as a place 
to bury the sod. On the right is the reclaimed road metal and on the 
left is the sod. 
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Fisrore 8.— Fourth Round— First Cut for Side Ditch. 

Figure 7 shows the grader on its third round. The blade catches 
the loose sod, as well as cutting the sod over the location of the 
final side ditches, and moves all of it into the ditch shown in Figure 6. 

Figure 8 shows the grader on the fourth round, making the first 
cut for the new side ditches on a line 1434 feet from the center line 
of the road, which in this case was about 2j4 feet in from the 
fences. The earth was deposited by the heel of the blade on top of 
the sod shown in Figure 7. On the fifth round the ditch was deep- 
ened, the cut being stepped in a little from the previous line. The 



Fiffure 9.— Sixth Round— Bacic Sloper Finishinff Ditch. 
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Fiffnre 10. — Serenth Roand — Movinir Gravel Oatward over Shoalder. 

caterpillar tractor traveled on the loose sod previously placed break- 
ing and packing it, while the blade carried the fresh earth on top. 

Figure 9 taken on the sixth round shows the finishing operation 
on the ditch with the back sloper attached to the grader. In this 
operation the ditch was again deepened, the back slope was fin- 
ished to a 1 to 1 slope, a flat bottom was cut 15 inches wide and the 
inside face was finished to a 2 to 1 slope. 

Figure 10 is a view of the tractor and grader on the seventh 
round. The back sloper has been removed and the grader is mov- 
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Fiffnre 12. — Tenth Roand — Smoothing and Finishing Surface. 

ing the loose earth and gravel outward over the packed sod on the 
shoulder. During the several rounds the heavy tractor traveled on 
the shoulder breaking the sod and packing the sod and fresh earth, 
so that very little settlement occurred afterward. 

After the reclaimed gravel had been spread out on the prepared 
shoulder base, the grader blade was removed and the scarifier at- 
tached as in Figure 11 where it is shown in the eighth round scari- 
fying the hard gravel center of the road to a depth of four inches. 
Care should be exercised to scarify no deeper than is necessary to 



Fiffnrc 13.— Finished Road. 
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Fiffare 14. — Typical Cross-Section of Reconstincted Road. 



remove the original high crown of the roadway. The same precau- 
tion should also be taken when scarifying an old road surface to 
remove pits and waves, as it is desirable to retain as much as pos- 
sible of the original firm base. 

After completing the scarifying the attachment was removed and 
the blade again attached. In the ninth round the freshly scarified 
gravel was moved outward while the tenth round was a smoothing 
and finishing process, shown in Fig. 12. 

Figure 13 is a view and Figure 14 is a cross-section diagram of the 
completed road with a 22- foot lightly crowned surface and side 
ditches which are large enough to carry all the surface drainage away 
quickly from the road bed. No new material has been added, but a 
sufficient quantity has been reclaimed from the original center which 
was too highly crowned, and from the shoulders to cover the entire 
surface. In this process of reclaiming and distributing the gravel, 
the road has been changed from a narrow one-way lane to a mod- 
ern highway, adequate for all ordinary two-way traffic. This re- 



Fiffore ISw— Finished Ditch. 
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Sod buried under ^houfder^ 
Fiffare K.— Operation of Each SacceMire Round of Grador. 

construction will greatly simplify future maintenance consisting 
mainly of surface dragging and the addition of thin coatings of grav- 
el as needed. 

Figure 15 shows the clean cut form of the ditch and shoulders. 
The slight elevation of the shoulders above the edge of the roadway 
was given to compensate for the future shrinkage of the buried sod. 

The routine of the operation is shown in Figure 16. A diagram of 
the cross-section after each successive round indicates the order and 
accomplishment of the various steps. The grader is always oper- 
ated by rounds, up one side of the road and down the other as each 
cut serves as a guide for all future rounds. 

Figure 17 is a view of the road taken in December, 1923, six 
months after its completion. It will be noted that the shoulders 
have settled very little. From observation on this road and consid- 
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Fiffnre 17. — Road Six Months after Rcconstrnctioii. 

eration of other data, only a slight lifting of the shoulders over the 
buried sod is recommended, as the sod is so thoroughly broken up 
and packed by a heavy tractor that under ordinary conditions little 
settlement will afterward occur. 



CONCLUSIONS 

The methods used on this road appear to be well adapted to the 
general reconstruction of old gravel roads under conditions similar 
to those described. It is believed they would be equally successful 
in the reconstruction of any of the so-called secondary type roads 
such as cinders, shale or macadam, providing an outfit is used of 
sufficient size and strength to insure the equipment against overload- 
ing. For greater ease in doing the work, it should be undertaken 
in the spring or early summer, before the vegetation gets heavy and 
when the road is softened by moisture. It could also be per- 
formed to advantage after a rainfall of sufficient duration and 
amount to soften the road. The early season work has the ad- 
vantage of superior natural settlement and consolidation prior to the 
summer traffic season. 

A striking observation during the work was the ease and quick- 
ness with which the apparently heavy and cumbersome equipment 
could be turned at the end of a round. It was turned in a circle »f 
diameter equal to length of grader plus one-half t^r p?uge dist 
of front wheels. The average time was 30 secoiK 
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The following data is given for this experimental road : 

Length, 1425 feet. 

Total time grading, 3^/^ hours. 

Gasoline, 20.8 gallons. 

Tractor oil, 1 quart. 

One driver with team and mowing machine, 1 hour. 

Two laborers burning grass and weeds, 2 hours. 

It is unfortunate that the length of this experimental road was 
too short to yield accurate cost data, although it has demonstrated 
the effectiveness of the methods. It is estimated from the data giv- 
en that the total cost of the work under similar conditions, including 
the preliminary labor of cutting and burning grass, weeds and 
brush and also including interest, depreciation and repairs on equip- 
ment would be $50.00 to $75.00 per mile, which represents a very 
material saving over work performed with hand labor and horse 
drawn equipment. 
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PREFACE 

Apparently, the Eleventh Annual Purdue Road School held 
during the week of January 19-23, 1925, has been the most suc- 
cessful ever held at Purdue, not only in total registration, but 
also in the merit of the program and the interest displayed by 
those attending. This success is due in great part to the very 
fine spirit of co-operation shown by practically every one con- 
nected in any way with the activities of the Road School. The 
classified registration was as follows : 

State Highway Commission..... 53 

County Highway Superintendents 77 

Assistant County Highway Superintendents 49 

County Surveyors and Engineers 30 

Assistant County Surveyors and Engineers 3 

County Commissioners 19 

City Street Commissioners 15 

City Engineers 9 

Assistant City Engineers 2 

Township Trustees 2 

Road and Street Contractors 35 

Material and Equipment Men 91 

Miscellaneous 48 

Total 433 

This total registration of 433 is 129 more than registered 
last year, and exceeds by 68 the record attendance of 1922. The 
attendance on the part of County Surveyors, City Street Com- 
missioners, County Commissioners and Contractors, was greater 
this year than in former years. 

It is very gratifying to note the increased attendance on the 
part of County Commissioners. There were 19 representatives 
of this group present this year and they were very much inter- 
ested in the accomplishments and value of the Road School. It 
is hoped that attendance on the part of County Commissioners 
will be greatly increased in the future. The County Highway 
Superintendent is a four year appointee of the Board of County 
Commissioners and his work is under its direct supervision. 
Unless the Commissioners of a county are thoroughly "sold" 
on the value to the community of adequate road maintenar 
the County Highway Superintendent will be greatly handicap 
in his efforts to improve road conditions. Since ^^ 
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problem is one of the most important confronting County Com- 
missioners, I believe it would be of very great benefit to the tax- 
payers of the State, if the Commissioners from each county 
would regularly attend the annual Purdue Road School. 

Mr. W. O. Jones, President of the County Highway Su- 
perintendents' Association, started a splendid innovation this 
year by having the Secretary call the roll of the 92 County High- 
way Superintendents at the opening of each session of the school. 
This resulted in a full attendance of this group at practically 
every session. 

Fifteen County Highway Superintendents failed to attend 
the school this year. Of this number, about five sent in reason- 
able excuses. These fifteen counties are as follows : 



Bartholomew 


Elkhart 


Jennings 


Ohio 


Spencer 


Blackford 


Floyd 


Marshall 


Owen 


Vigo 


Brown 


Franklin 


Monroe 


Ripley 


Wells 



The State Highway Commission was represented by a total 
of 53 men at different times during the week. Mr. A. B. Burch, 
vice-chairman of the Commission from Evansville, spoke on the 
plans of the State Highway Commission for 1925 at the first ses- 
sion of the Road School. Mr. A. H. Hinkle, Superintendent of 
Maintenance, was present with practically his entire mainten- 
ance force down to and including the grade of Sub-District Su- 
perintendent. Mr. C. Gray, Chief Engineer, and Mr. \V. J. Titus. 
Bridge Engineer, were also present and took part in the program. 

The County Surveyors and Engineers had a total of 30 men 
present and were deeply interested in the proceedings. This 
Association is presenting a bill to the present legislature some- 
what similar to the bill of the Highway Superintendents, which 
will authorize their attendance at the Annual Road School with 
the expenses paid by their respective counties. Our County Sur- 
veyors are charged with the duties of making surveys and loca- 
tions for county road construction, drawing up specifications 
and plans and supervising the construction. These are vital mat- 
ters in the county highway program and unless they are in the 
hands of a competent engineer, will, in many cases, result in the 
loss of thousands of dollars to the taxpayers of the county. I 
believe that a compulsory attendance of County Surveyors at the 
Annual Road School would result in greatly improved county 
road construction and produce a great saving to the taxpayers. 

An innovation this year was the Dinner-Smoker held in the 
new Purdue Memorial Union Building on Monday evening. Mr. 
Dick Miller, President of the City Trust Company of Indianap- 
olis, was the principal speaker. The Annual Banquet on Thurs- 
day night was attended by about 300 men. Addresses were made 



Digitized by VjOOQIC 



ELEVENTH ANNUAL ROAD SCHOOL 7 

by Hon. F. Harold Van Orman, Lieutenant Governor; Doctor 
E. C. Elliott, President of the University, and Dean A. A. 
Potter, Dean of Engineering Schools, Purdue University. 

The County Highway Superintendents elect their officers 
for terms of two years. This being the mid-year, the old offi- 
cers will hold over for another year. These officers are as fol- 
lows : 

\V. O. Jones, Richmond President 

Matt Foster, Evansville Vice-President 

Clyde Piper, Connersville Secretary-Treasurer 

The newly elected officers of the Indiana County Surveyors' 
and Engineers' Association are : 

Don Heaton, Fowler President 

George Schmidt, Indianapolis Vice-President 

C. K. Wallace, Hammond Secretary-Treasurer 

The City Street Commissioners' Association re elected the 
officers of last year, as follows : 

A. A. Girton, Shelbyville :President 

Charles Buck, Madison Vice-President 

R. W. Carrettee, East Chicago Secretary 

W. M. Williams, Newcastle Treasurer 

The papers, as printed in this volume, have been consider- 
ably condensed from the original form in which they were pre- 
sented at the Road School due to the fact that the funds avail- 
able for publishing the proceedings are limited. The Editor has 
endeavored also to eliminate repetition where the speakers dis- 
cussed similar subjects. 

The Annual Road School is under the direction of the School 
of Civil Engineering and is one of the activities of the Engineer- 
ing Extension Service of Purdue. 

B. H. P. 
Lafayette, Indiana. 
March, 1925. 
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PROGRAM 



MONDAY, JANUARY 19. 1925 

Morning 

Registration at Civil Engineering Building. 

Afternoon 

Presiding, Dean A. A. Potter, Dean of Engineering and Director 
of Engineering Extension Service, Purdue University. 

Address of Welcome — 

Doctor W. K. Hatt, Head, School of Civil Engineering, Purdue Uni- 
versity. 

Replies — 

Mr. Alvan V. Burch, Vice-Chairman, Indiana State Highway Com- 
mission. 

Mr. W. O. Jones, President, Indiana County Highway Superintendents' 
Association. 

Mr. D. L. Heaton, President, Indiana County Surveyors' and County 
Engineers* Association. 

Mr. A. A. Girton, President, The City Street Commissioners' A<;so- 
ciation of the State of Indiana. 

Announcements — 

Professor Ben H. Petty, Assistant Professor of Highway Eng'neerinjy. 
Purdue University. 

Highway Safety — 

Doctor W. K. Hatt, Head, School of Civil Engineering, Purdue Uni- 
versity. 

Indiana's State Highway Program for 1925 — 

Mr. Alvan V. Burch, Vice-Chairman, Indiana State Highway Com- 
mission. 

TUESDAY. JANUARY 20. 1925 
Morning 

Presiding, Mr. A. H. Hinkle, Superintendent of Maintenance. 
Indiana State Highway Commission. 

Maintenance of Macadam Roads with Bituminous Materials — 

Mr. V. C. Lee, District Engineer, Indiana State Highway Commission. 

Maintenance of Gravel Roads — 

Mr. J. T. Donaghey, Chief Engineer. Wisconsin State Highway Com- 
mission. 

Discussion — 

Mr. Matt F*ostcr, Vanderburgh County Highway Superintendent. 

Proper Method of Constructing Bituminous Macadam Roads — 

Mr. A. O. Hastings. District Engineer, Indiana State Highway Com- 
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Discussion — 

Mr. E. B. Lockridge, District Engineer, Indiana State Highway Com- 
mission. 

Afternoon 

Presiding, Mr. W. O. Jones, President, Indiana County Highway 
Superintendents' Association. 

Construction of Concrete Roads — 

Professor Ben H. Petty, Assistant Professor of Highway Engineering, 
Purdue University. 

New Developments in Maintenance of Concrete and Brick Roads — 

Mr. A. H. Hinkle, Superintendent of Maintenance, Indiana State 
Highway Commission. 

Some Pointers for Public Officials Handling Highway Work — 

Mr. Lawrence F. Orr, State Examiner, Indiana State Board of 
Accounts. 

WEDNESDAY, JANUARY 21, 1925 
Morning 

Presiding, Mr. Don Heaton, President, Indiana County Surveyors' 
and County Engineers' Association. 

Care of Bridge Floors — 

Mr. Clyde Piper, Fayette County Highway Superintendent. 
Discussion — 

Mr. T. H. Ellis, Marion County Highway Superintendent. 
Highway Bridge and Culvert Problems — 

Mr. W. J. Titus, Bridge Engineer, Indiana State Highway Commission. 
Discussion — 

Professor E. L. Eriksen, in Charge of Structural Engineering Depart- 
ment, Purdue University. 

Signs, Guard Rails and Railroad Crossings — 

Mr. J. J. Griffith, ex-Marion County Engineer. 
Discussion — 

Mr. A. C. Mangus, St. Joseph County Highway Superintendent. 

Afternoon 

Presiding, Professor Ben H. Petty, Assistant Professor of 
Highway Engineering, Purdue University. 

A Program for County Road Maintenance — 

Mr. Elmer Blue, Putnam County Highway Superintendent. 

Discussion — 

Mr. C. S. Loucks, Miami County Highway Superintendent. 

New Developments in the Curing of Concrete Pavements — 

Mr. H. F. Clemmer, Testing Engineer, Illinois State Highway Com- 
mission. 

Some Characteristics of Concrete of Interest to Road Builders — 

Professor R. B. Crepps, in Charge of Testing Materials Laboratory, 
Purdue University. 



Digitized by VjOOQIC 



lo PURDUE ENGINEERING EXTENSION SERVICE 

THURSDAY, JANUARY 22, 1925 
Morning 

Presiding, Professor W. A. Knapp, Assistant Director of Engineering 
Extension Service, Purdue University. 

Surveys and Plans for County Roads — 

Mr. Don Heaton, Benton County Engineer. 
Screened Gravel for Road Purposes — 

Mr. Fred Hubbell, Steuben County Highway Superintendent. 
Stone Roads of Monroe County — 

Professor U. S. Hanna, Indiana University; Monroe County Engineer. 
Maintenance by Team vs. Truck — 

Mr. W. O. Jones, Wayne County Highway Superintendent. 

Afternoon 

Presiding, Professor G. E. Lommel, Associate Professor Topographical 
Engineering, Purdue University. 
Contractors' Problems — 

Mr. William Holland, Secretary, Indiana Association of Highway and 
Municipal Contractors. 
Discussion — 

Mr. S. S. Palma, Road Contractor, Lafayette, Ind. 
New Developments in Construction Methods and Equipment — 

Mr. C. Gray, Chief Engineer, Indiana State Highway Commission. 
Road Law Procedure — 

Mr. Ethan L. Arnold, Attorney, Elkhart, Ind. 

FRIDAY, JANUARY 23. 1925 
Morning 

Presiding, Mr. A. A. Girton, President, City Street Commissioners* 
Association of the State of Indiana. 

How Huntington Solved the Problem of Paving Its City Approaches — 
Mr. W. F. Eberhart, Huntington County Highway Superintendent. 
Re-Surfacing Badly Worn City Pavements — 

Mr. R. H. Simpson, Chief Engineer, Department of Public Service, 
Division of Engineering and Construction, Columbus, Ohio. 
Purdue Highway Extension Service During Summer of 1924 — 

Professor Ben H. Petty, Assistant Professor of Highway Engineering, 
Purdue University. 

Afternoon 

Presiding, Professor Ben H. Petty, Assistant Professor of 
Highway Engineering, Purdue University. 
County Patrol Roads and Their Maintenance — 

Mr. S. N. Johnson, Clinton County Highway Superintendent. 

Use of Road Grader vs. Road Drag — 

Grader — 
Mr. S. B. Mylin, Wabash County Highway Superintendent. 

Drag- 
Mr. C. C. Hughes, Johnson County Highway Superintendent. 

What Did You Do With Your Road Funds? 

Mr. E. M. Murphy, Hendricks County Highway Superintendent. 
Discussion — 

Mr. William F. Mitchell, Perry County Highway Superintendent. 
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MAINTENANCE OF MACADAM ROADS WITH 
BITUMINOUS MATERIALS 



By V. C. Lee, 
District Engineer, Indiana State Highway Commission. 



The cost of maintenance of macadam roads by repeated ap- 
plications of stone and by dragging has mounted to such enor- 
mous heights, due to the increased volume of traffic, that we 
must resort to some other form of maintenance whereby these 
costs can be reduced. Maintenance with bituminous materials 
is then a subject of extreme importance at this time, because 
by means of surface treating with bituminous materials we are 
able to salvage the old macadam foundation, product a surface 
which is maintained more easily and at less cost and provide 
a dustless surface for the traveling public and residents along 
the road. Surface treatment has been practiced for a number of 
years with very satisfactory results and since the idea is not 
new it will be my endeavor in this discussion to give you some 
of the methods of application, proportions of bituminous mate- 
rials and covering as is practiced by the State Highway Com- 
mission. 

Inasmuch as surface treatment can not provide drainage, a 
foundation or a base, only such macadam roads as already have 
these fundamentals should be considered for treatment. A great 
deal of money has been wasted on surface treatment because a 
careful study of the road construction was never made. Im- 
proper proportioning of materials, no consideration given to the 
amount of traffic the road must carry, and no provision for future 
maintenance are all important causes of failure in surface treat- 
ment. 

Preliminary Work 

Preparatory to surface treatment, we must first correct the 
surface of the old macadam road. An extreme crown should be 
eliminated by laying either a water-bound or traffic-bound mac- 
adam patch along the edges of the old macadam. This should 
be done either early in the season or a season in advance of the 
treatment. Next, such holes or ruts as may be found in the 
old road should be carefully patched, either with a water-bound 
macadam patch or with a bituminous concrete patch. 

The introduction of bituminous cold patching materials has 
made the bituminous concrete patch both easy and economical 
to lay. Such a patch can be laid in a hole or depression from 
J4 inch to 3^ inches in depth. Deeper holes should first be 
filled with No. 2 stone to within two inches of the surface and 



Digitized by VjOOQIC 



12 PURDUE ENGINEERING EXTENSION SERVICE 

thoroughly tamped. The bituminous patch can then be laid on 
this foundation. The bituminous materials used in making this 
patch can be either tar cut back, asphalt cut back, or asphalt 
emulsion. The size of the stone used depends upon the depth 
of the hole and may range from ^ inch to 2j/2 inches. Where 
the coarser stone are used a small portion of stone chips and 
clean coarse sand must be added to give a consistent mix. The 
amount to be added will have to be determined by experiment. 
Likewise, the exact proportion of bituminous materials used will 
depend on the quality and sizing of the stone and must be deter- 
mined by experiment. Just enough bituminous material should 
be used to thoroughly coat the stone when it is properly mixed, 
so that no white spots will appear on the stone. Since the 
bituminous cold patch is used more often in the maintenance of 
bituminous macadam, I will discuss the manner of laying the 
patch later. 

After the surface of the old road has been prepared for treat- 
ment, the next step of importance is the choice of bituminous 
material to use. The bituminous materials most commonly used 
for surface treatment are tars — hot, medium and cold ; asphalt 
oils — hot, medium and cold, asphalt cut back and Trinidad cold 
oil. Which grade of these tars or asphalts to use, whether heavy, 
medium or light, will depend on the condition of the road to be 
treated, the amount of traffic and the future plans for main- 
tenance. 

Also the quantity of bituminous material to use, the amount 
of cleaning of the surface required and the amount and grade of 
stone required for covering wnll depend upon the nature of the 
surface to be treated, the amount of traffic and the kind of 
bituminous material used. 

Before the application of the surface treatment one of the 
foremost and important essentials is the proper cleaning of the 
road surface. Where the heavier asphalts and tars are used, 
the surface should first be cleaned by the use of shovels, fiber 
brooms, and mechanical sweepers until the large stones com- 
prising the macadam surface are completely exposed and clean, 
but not dislodged. The sweeping should be continued until 
the voids are exposed to a depth of about yi inch, and the dust 
completely removed. When the medium asphalts and tars are 
used the sweeping need be carried only so far as to expose the 
voids in the surface. With the use of the light oils only the 
mud, dirt and excess loose dust or other foreign matter need to 
be removed from the surface, and but little if any sweeping will 
be required. Where the surface has been swept clean by auto 
traffic of all dust and screenings, so that the large stones in the 
surface are exposed, the cold oil treatment should not be used. 
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Application of Bituminous Material 

The application of the bituminous material should be made 
by a pressure distributor mounted on a truck. The material 
should be sprayed on with considerable pressure as this will 
remove any thin layer of dust on the stone and aid in the bonding 
of the bituminous material to the surface. 

The amount of bituminous material applied will depend on 
the nature of the surface, the amount of traffic and grade of 
material used. For the first treatment on a water-bound or 
traffic-bound macadam surface the heavier asphalts may be ap- 
plied from 1/3 to yi gal. per sq. yd., the medium asphalts from 
1/3 to ^ gal. per sq. yd., and the lighter oils from 1/3 to y2 gal. 
per sq. yd. The heavier tars may be applied from 0.4 to 0.5 gal. 
per sq. yd., and the cold tar from 1/3 to 0.6 gal. per sq. yd. 

Where more than ^ gal. per sq. yd. of bituminous material 
is used, it should be applied in two treatments. The second 
treatment can be applied as soon as the first treatment has been 
covered with just enough screenings to prevent the bituminous 
material from picking up or sticking to the wheels of vehicles 
and prevent the second treatment from flowing oflF while apply- 
ing it. 

For re-treatments, that is successive treatments applied each 
year, a much less quantity will be required. Usually 1/3 gal. 
per sq. yd. will give satisfactory results. 

Covering Material 

The amount and kind of covering material necessary will 
depend on the kind of bituminous material used and the condi- 
tion of the road surface before the application. Ordinarily for 
the lighter oils no covering at all will be required for the first 
application, and this is also true when no more than 1/3 gal. 
per sq. yd. of cold tar is used. However, on succeeding applica- 
tions of cold tar, a thin application of clean coarse sand or grit 
should be used. For the first treatment with the heavier asphalts 
and tars the amount of covering may range from 60 to 80 pounds 
of crushed stone per gallon of bituminous material used. The 
stone should be of a size passing a 1J4 inch circular opening and 
retained on a J^ inch screen. This size stone should constitute 
about 75 per cent of the covering and to this should be added 
about 25 per cent of chips or stone passing a ^ inch circular 
opening and retained on a J4 inch screen. This will give a bet- 
ter seal and make a uniform surface, for succeeding treatments 
of the heavier asphalts and tars, 30 to 60 pounds of stone chips 
per gallon of material used. 

The use of the proper amount of covering is one of the very 
essential things to insure the success of bituminous surface 
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treatments. However, owing to the variable conditions affect- 
ing the screenings required the best rule that can be made is 
to use just enough covering and no more than is required to 
prevent the bituminous material from being picked from the 
road by traffic. The surface should always look black after 
it has been ironed out by traffic. If it does not look black, but 
looks dry and light in color, it is an indication that too much 
covering has been used. There is not so much danger, how- 
ever, in overloading wnth heavier asphalts as when lighter grades 
are used. 

Screenings may be applied from piles of stone at the road- 
side by men with shovels or spread directly from dump trucks 
by opening the tail-gate just sufficiently to allow the stone to 
sprinkle uniformly on the surface. On sharp grades, the truck 
can not be used on account of slipping. The covering in all 
cases should be done in such a way as to insure an even dis- 
tribution over the surface. Where the bituminous material is 
applied in two courses, only enough screenings should be ap- 
plied after the first course to prevent picking by traffic, and keep 
the second course from flowing off when being applied. During 
the past year, the State has made use of the four-way steel drag 
and a No. 5 road maintainer for following up and smoothing 
the surface after the screenings have been applied. The drag 
serves the two-fold purpose of thoroughly coating the screen- 
ings with the bituminous material and dragging the excess 
screenings into the depressions, thus smoothing out the surface. 
Following up with the maintainer will eliminate any mark of 
ridges which might be left by the drag, thus giving a smooth 
uniform distribution over the entire surface. 

A bituminous surface treatment should be repeated when 
it becomes necessary to replace the treatment previously ap- 
plied. Usually succeeding treatments should be applied each 
year for two or three years after the first treatment has been 
made after which time re-treatment can be made two or more 
years apart. 

Patching 

Should holes or ruts occur before a re-treatment is applied, 
they may be eliminated by being brought up to the proper eleva- 
tion by cold patching, which I have mentioned before, or by a 
bituminous paint patch where the depression is less than one 
inch in depth. In making the cold patch, the hole in the surface 
should not be enlarged or deepened, but must be thoroughly 
cleaned of all loose dust or foreign matter and swept clean. 
When asphalt and tar cut backs are used, the surface must be 
perfectly dry, but where asphalt emulsion is used, the hole may 
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be flushed with water, but no excess water should be left stand- 
ing in the hole. When clean, the surface to be patched must be 
painted with a bituminous material which may be the same as 
that used in making the patch. It is especially important that 
the edges of the hole be carefully painted but care must be taken 
not to use too much of the bituminous material in so doing. 

The depression will then be filled with the bituminous mix- 
ture and thoroughly compacted in place by tamping or rolling. 
On this should be spread a light covering of coarse sand or grit 
and the tamping continued. The bituminous mixture may be 
prepared by either mixing on a platform or by use of a small 
concrete mixer. Where there is a quantity of patching to be 
done it is more economical to mix the material at a central mix- 
ing station and haul the mixture by truck to the roads that are 
to be repaired. 

With the use of the asphalt and tar cut backs, the mixture 
should be placed in a pile and allowed to season sufficiently so 
that it will bind when the patch is made. This will require from 
24 to 48 hours. Asphalt emulsion may be used as soon as mixed. 
It should not be allowed to stand for any great length of time, 
because it will become too hard to handle easily. 

In making a paint patch when the depression is less than 
one inch in depth, the surface is first swept clean with a steel 
fiber broom followed by a house broom. When the surface is 
clean and dry, the depression may be painted with either medium 
or cold tar, hot asphalt or asphalt emulsion. The hot asphalt 
and medium tar will have to be heated before using. The cold 
tar can be used on an ordinary summer day without heating. 
Asphalt emulsion can be used at any ordinary air temperature. 
Stone chips will then be spread on the painted surface and thor- 
oughly tamped until the bituminous material is forced into the 
chips a sufficient depth to bond them to the surface. The chips 
should then be covered with a thin coating of coarse sand and 
again tamped. Ordinarily No. 4 chips are the proper size to use, 
although it is well to have different sizes at hand to fit the depth 
of depression to be filled. In making a paint patch, great care 
must be taken not to use an excess of either the bituminous 
material or the chips, as this will later on produce bumps. It 
is better to build up the depression gradually to the proper eleva- 
tion by more than one application than to use an excess on the 
first treatment. 

During the last few years the State has salvaged by the 
patching process which I have just described and by subsequent 
surface treatments, many miles of roads which had received an 
initial surface treatment and on which there had been no further 
maintenance. Some of these roads were in such a condition 
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when taken over that traffic could scarcely get over them, but 
today, after four years of maintenance they are carrying some 
of our heaviest traffic without showing any signs of wear or fail- 
ure, and are becoming more and more like boulevards as time 
goes on. 



BITUMINOUS MACADAM ROAD CONSTRUCTION 



By A. O. Hastings, 
District Engineer, Indiana State Highway Commission. 



In selecting the type of pavement to be laid in a certain sec- 
tion of road careful study should be given to the amount and 
kind of traffic going over this road at present and also to the 
probable increase within the next few years. Careful study 
should be made of the condition of sub-soil and the old base. 

If the present road has a good gravel or stone base that is 
holding up very well, a bituminous macadam top course is a 
very economical pavement to use. If it is a new grade there 
is a question whether some other types of pavement would not 
be as economical. One of the greatest economic reasons for lay- 
ing a bituminous macadam pavement is the salvaging of the 
old base. A well compacted gravel or stone surface that has 
been hammered by heavy traffic for a period of years has con- 
siderable value and that value may be conserved by laying a 
bituminous macadam top course. 

Grading 

Let us consider first the grading. By use of a grader, wheel 
scoops, drag scoops or wagons, the berms, shoulders and ditches 
should be brought to the proper cross section and in conformity 
to the base grade taking care of the drainage as necessary. Un- 
like many other types, the shoulders on a bituminous macadam 
road should be built prior to the laying of the pavement. Many 
bituminous macadam roads have been built with but little berm. 
Much better results could have been secured had there been a 
good berm built before the pavement. 

The crojs section for an 18 foot pavement includes a 2 inch 
crown in the pavement proper with berms 5 to 6 feet wide slop- 
ing yi inch per foot and with a flat slope of approximately 4 
to 1 into the ditch. The old base should be reinforced and 
levelled up with a water-bound macadam course or at least 
patched with water-bound patches so that the foundation grade 
will conform very closely to the finished crown and grade and 
to sufficient depth to hold up the loads which it will have to 
carry. Much care should be used in leveling up the old base 
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as much better results will be secured in the finished surface if 
the top course is the same thickness at all places. Specifica- 
tions for laying a water-bound course to level up old base should 
be about as rigid as if the road was to be left as a water bound 
surface. 

Suggested Specifications for Water-Bound Macadam Course 

This course shall consist of a one course water-bound limestone, slag 
or crushed boulders, of a depth indicated on the plans or the estimate (this 
depth should be chosen after careful study of the old base), constructed 
in accordance with these specifications on the base course which shall 
be trued up where necessary with water-bound macadam patches, to a 
uniform grade and crown before the top course is placed thereon. 

The coarse aggregate for this course shall consist of No. 1 (3]/^" to 
21/2") or No. 2 (2}/^" to \W) size specified according to thickness of 
patch or course. 

(A) Crushed stone shall consist of angular fragments of tough, dur- 
able crushed lime stone, trap rock, or boulders, having a French co-effi- 
cient of wear of not less than seven. It shall be free from thin and 
elongated pieces. If it is produced from crushed boulders, not more than 
% the surface area shall consist of the original smooth surface of the 
boulder. 

(B) Slag — The screenings used in filling this course shall consist 
of crushed limestone or. slag meeting the above specifications except as 
to size. No. 7 (I/2" to 0) size screenings shall be used, if of slag or lime- 
stone with a French co-efficient of wear of more than nine. No. 5 
(^" to 0) screenings shall be used if of limestone with a French co- 
efficient of wear of nine or less. 

No coarse aggregate shall be placed until the screenings for filling 
same have been neatly stored in piles along the side of the highway. 

The coarse aggregate shall be spread on the base to such thickness as 
will produce the complete depth called for. Side forms of the proper 
size should be used to fix the depth of loose material and assist in spread- 
ing the same to a uniform surface. In spreading care must be taken to 
preserve the grade and crown, also to prevent a wavy irregular surface. 
After the stone is spread on the base it should be harrowed to aid in pro- 
ducing a uniform and even surface. Any thin, flat, elongated or over- 
sized stone that appear on the surface at any time during the progress 
of the work should be broken up or removed. Special care should be 
taken to have a uniform material in the surface in order to secure a 
smooth and uniform finished base. 

All patches or areas of fine or under-sized materials appearing in 
this course should be removed and replaced with suitable material before 
final filling and water-binding. 

Rolling: The coarse aggregate should be rolled with .a self-propelled 
three wheel roller weighing not less than ten tons. The rolling should 
begin with the outside drive wheel covering at least equal parts of metal 
and shoulder, and if the shoulder is sufficiently strong and uniformly built 
it is well to have even more of the roller wheel out on the shoulder the 
first trip. The roller should be run forward and backward along the 
edge of the metal until the shoulder and the metal are firmly bound to- 
gether. The rolling should then progress gradually towards the center 
of the road laping about ^ width of the rear roller wheel until the entire 
course has been thoroughly keyed and the interstices of the metal reduced 
to a minimum and all settlement in the stone has ceased. Should any low 
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places develop in the surface during the rolling, the stone shall be loosened 
and enough coarse aggregate added to make a smooth and uniform finished 
surface. 

After the dry rolling has been completed as described above, screen- 
ing should be applied gradually over the surface during the finishing 
process of dry rolling in such an amount as will completely fill the inter- 
stices. The screenings should not be dumped on the surface of the stone 
but should be cast thinly with spreading motion of the shovel from piles 
at the road side. The rolling should continue while the screenings are 
being spread so that the jarring effect of the roller will cause them to settle 
to the bottom. Care should be exercised not to apply the screenings too 
fast and choke the stone but the large stone should be kept in sight at 
all times. Continue to add screenings until all voids are filled, the direct 
bearing of the roller still being on the coarse aggregate. 

Immediately after the voids of a section of the macadam have been 
filled with screenings as above described, the macadam should be sprinkled 
until saturated, the sprinkler being followed by the roller. More screen- 
ings should be added if necessary. The sprinkling, sweeping and rolling 
should continue until a grout has been formed of the screenings and water 
that will fill all of the voids and form a wave of grout before the wheels 
of the roller. The macadam should be kept wet at least twenty-four hours 
before the final rolling, and it should be puddled as many times as it is 
necessary to procure satisfactory results. When a section has been thor- 
oughly filled and grouted as described above such section should be 
allowed to dry out after which it is ready for the application of the 
bituminous macadam course. 

The approximate cost of this course varies according to the 
amount of reinforcement necessary on the old base, but striking 
an average from the cost of State jobs coming under my super- 
vision, will average approximately 50 cents per square yard or 
approximately $5,200.00 per mile, 18 feet wide. After the base 
has been properly reinforced and leveled up with the water- 
bound macadam we shall proceed with the laying of the top 
course of bituminous macadam. This course should be about 
three inches in thickness when thoroughly compacted. 

The Bituminous Macadam Course 

At this time the berms should be carefully graded and any 
irregularities leveled off so that when rolling is started on the 
top course with half of the roller wheel running out on the 
berm, the earth forming the berm will compact to a true grade, 
just level with the grade of the edge of the stone in the bitumin- 
ous macadam course. Should there be high and low places in 
the berms thfe irregularities will follow the rolling as it pro- 
gresses towards the center of the road and a wavy irregular sur- 
face will be produced. 

Berm boards should be used in spreading the coarse ag- 
gregate. Very handy berm boards for a three inch compacted 
course are 2"x4" timbers set on edge, lined and leveled with 
the proposed line and grade. The coarse aggregate being 
dumped and spread to crown and grade, and checked up by use 
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of a crown board resting on the berm boards. The coarse ag- 
gregate may be dumped on the surface and spread by hand or a 
rough spread made by use of spreader boxes. Very careful 
spreading of the coarse aggregate is necessary to produce a 
smooth surface. 

When the coarse stone has been carefully spread it should 
be rolled in the same manner as described in water-binding 
beginning with half the roller wheel on the berm and progress- 
ing towards the center of the road until the coarse stone is thor- 
oughly keyed but not rolled enough to crush much of the stone. 

The coarse aggregate should consist of crushed stone or 
slag all passing a 3^ inch opening when the per cent of wear 
is less than 4^^ and a 4 inch circular opening when the per cent 
of wear is 4j^ or more. Not over 25 pet cent should pass a two 
inch opening; 6 per cent a 1J4 inch opening, and 2 per cent a 
1 inch opening. 

When the coarse aggregate has been properly keyed it is 
ready for the application of the first coat of bituminous material 
meeting state highway specifications for Tar TP-6 or Asphalt 
A-2. The bituminous material should be applied to the aggre- 
gate when it is dry, when the temperature is above 45 degrees 
F. and when the lowest temperature within the proceeding eight 
hours has been above 32 degrees F. The coarse aggregate should 
be disturbed as little as possible by the application of the 
bituminous material. The bituminous material should be uni- 
formly applied at the rate of 1^ gallons per square yard and 
at a pressure of not less than 25 pounds per square inch by 
means of an approved pressure distributor. The distributor 
should be a self-propelled distributor with a manifold having a 
horizontal shift of not less than ten inches and should be 
equipped with wide tires to disturb the stone as little as possible. 
Hand pouring pots or nozzles should not be used except where 
special conditions would make it impracticable to use the dis- 
tributor. The bituminous material should be heated by suitable 
appliance so designed as to admit of even heating of the entire 
mass with an efficient positive control of the heat at ali times. 
Care should be taken so that the bituminous material is not 
heated beyond the highest permitted temperature specified, 
either before or during the application. 

The coarse covering (key stone) should have been placed in 
neat piles along the berm prior to the spreading of the coarse 
stone. It should meet the specifications required for coarse ag- 
gregate except as to size. The coarse covering should all pass a 
lJ/2 inch circular opening with not over 5 per cent retained on 
a 1J4 inch screen, 70 to 100 per cent should be retained on a ^ 
inch screen with not over 15 per cent passing a yi inch opening. 
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Immediately after the bituminous material is applied there 
should be evenly spread over the surface just sufficient coarse 
covering material to prevent the bituminous material from stick- 
ing to the wheels of the roller (approximately 1 cubic yard to 125 
square yards of surface). The road should then be rolled thor- 
oughly before the bituminous material hardens enough to prevent 
the covering material from being readily incorporated with it. 
Should it be cool weather the rolling must progress rapidly. 
If it is extremely warm, it is sometimes necessary to wait and 
allow the bituminous material to cool some before rolling. As 
the rolling progresses additional covering should be added and 
broomed into the voids, care being taken not to put on an 
excess of covering at this time. The rolling should continue 
until a solid compact and smooth surface results conforming 
to the cross section on tne plans. Should any humps or depres- 
sions develop during this rolling, the coarse aggregate should 
be loosened and additional stone and bituminous material added 
so that when rolled it will produce a smooth surface. 

When sufficient rolling has been done and the voids fairly 
well filled with covering stone the first seal coat of heavy 
bituminous material should be applied consisting of about fi; 
gallon per square yard of surface. Then the fine covering is 
spread evenly over the bituminous material in a thin layer just 
sufficient to keep^ the bituminous material from sticking to the 
roller wheels and the road should be thoroughly rolled. At this 
point in the construction of a bituminous macadam road I do 
not think it would be possible to roll too much. Fine covering 
should be broomed into the voids until the voids are well filled. 
At this time the second seal or surface treatment should be 
applied consisting of a lighter bituminous material (Indiana 
state highway specifications for asphalt OH-2 or Tar TM ) at 
the rate of about 3/10 gallon per square yard of surface. After 
applying the final seal coat of bituminous material, fine covering 
should be applied and if asphalt is used it should be rolled. If 
Tar TM is used the surface should be dragged as explained for 
surface treatment of Tar TM. 

By conserving the old base a good pavement may be laid 
as described above at a very reasonable cost. 

The following are a few points to be watched carefully in 
the above described method that will materially help in securing 
better results : 

1. See to it that the berm compacts smooth and true to 
grade as the rolling begins. After the first application of bitu- 
minous material do not apply too much coarse covering but 
apply just enough to pass the roller without the bitumincms 
material sticking to the wheels. 
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2. Roll until the coarse stone is thoroughly compacted, and 
feed in coarse covering as needed, do not choke it. 

3. After second application of bituminous material apply 
only enough fine covering to get the roller over it without pick- 
ing up, and roll thoroughly before additional fine covering is 
added. Fill the voids, but do not choke it. 

4. At all times during the process of construction of both 
the water-bound and the bituminous macadam top courses, the 
coarse stone should be visible on the surface of the road. 

5. Keep the cover stone spread uniformly. If for any rea- 
son it is applied alternately thick and thin, it should be thor- 
oughly broomed before rolling. A bunch of chips will cause a 
depression in the road for when the roller hits a pile of chips 
the coarse stone is mashed dow^n and when traffic comes on the 
road the pad of fine stone is brushed oflF and a dip in the surface 
results. 

6. Emphasis should be given to the amount of rolling. Too 
much rolling can not be done after the first seal coat is applied, 
and also after the surface treatment, where asphalt is used. 
Some roads have been built without enough rolling at the proper 
time and costly maintenance follows. 

Costs 

As to the cost of constructing an 18 foot bituminous mac- 
adam pavement, three inches thick when compacted, I will quote 
from prices paid by the State for pavements laid in my district. 
Between Chester and Fountain City in Wayne County the cost 
was 90 cents per square yard. Pavement laid on the National 
Road east and west of Richmond, using some additional stone to 
level up the old base which was already a surface treated mac- 
adam, cost $1.07 per square yard. Pavement laid between 
Muncie and Selma about 85 cents per square yard. 

The above will average from $9,000.00 to $11,000.00 per mile 
for an 18 foot surface varying mainly as to cost of the aggregate 
used. Adding the expense of reinforcing the old base with water 
bound macadam to the cost of laying a bituminous macadam 
top course gives a total cost of about $15,000.00 per mile of com- 
pleted surface. 
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CARE OF BRIDGE FLOORS 



By Clyde Piper, 
Fayette County Highway Superintendent. 



Fayette County's steel bridges are of the various kinds that 
are general over the State, with the usual floor construction, 
namely, plank, creosoted wood block, and concrete, all of which 
have their limitations and objections. These bridges are today 
carrying loads that the designed and builder never dreamed 
would be found on our highways. Traversed as Fayette County 
is by the Whitewater River and its tributaries, there is hardly 
a main or secondary road without a steel bridge of some size. 

We have tried to conserve our floors to get the greatest 
possible use from them. Originally the floors were nearly all 
3 inch plank laid crosswise. This plan under present traffic, 
subjects the bridge to considerable vibration and the floor plank 
to a heavy impact from the wheels, which results in broken 
planks. 

We have floored the bridges with a length-wise flooring. 10 
to 12 feet wide, with planks 2 inches thick. This strengthens 
the floor, eliminates vibration, noise and broken planks. These 
bridges were floored originally with native oak, which is prac- 
tically out of local market. At present many of these have the 
second top floor on them, lengthening the life of the first floor 
several years. 

The creosoted wood block floor is susceptible to water and 
then heaving follows. We have a block floor that has been in 
use for many years. My predecessor had taken this floor up and 
relaid it several years ago. Some of the blocks were deteriorat- 
ing and were odd shape from the pressure of heaving until we 
were unable to hold them down with any treatment we had used. 
We used a concrete mixer and the cold mix asphalt with washed 
pebbles and sand, running them through the mixer until the 
pebbles were thoroughly coated. This mix was spread on the 
floor lJ/2 inches in thickness, leveled down smooth and covered 
with sand to take care of any surplus asphalt in the mix. This 
job so far has been very satisfactory and did not add much dead 
weight to the floor. We have had very good success with other 
block floors by treating them the second year after they were 
laid with the used oil from our motor trucks. We sweep the 
floor with fiber push brooms first, then follow with a heavy 
stable broom, removing all dust and dirt possible, scraping any 
substance that adheres to blocks. Then follow with sprinkling 
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cans and fiber brooms, brushing the oil until the floor is thor- 
oughly covered. 

We have also used the cold mix asphalt on block floors. 
All dust and dirt must be removed, scraping any that adheres 
to the floor, thorough cleaning being necessary to insure a suc- 
cessful job. When asphalt strikes dust it will not adhere at all, 
while the oil will penetrate a little dust. The floor being clean 
the asphalt is poured on and brushed until the floor is fully 
coated. Then dry sand is sprinkled over the floor. The sand- 
coat follows closely after the brushing. We have had very 
satisfactory results with this treatment. Either of these treat- 
ments gives a covering for the floor that is a preservative and 
is also water-proof. 

Concrete floors should be watched closely for checks or 
cracks. Should any appear they should be taken care of im- 
mediately. Any depressions appearing should be filled with tar 
or asphalt, bringing them up to a level with the floor. 

Several of our old plank floors have been replaced with a 
creosoted oak made up of '2x4's set cm edge and fastened to- 
gether, with 3 angle bar tie rods, into slabs one foot in width. 
This type of floor makes a self cleaning surface and is free from 
swelling or bulging. Some we have laid were bolted to the 
channel irons through the end of each plank or slab. After lay- 
ing some in this way we changed and laid a 3x4 creosoted timber 
on each end, using only three bolts to the piece which speeds 
up the laying of the floor and also cuts the cost. These floors 
should be covered with asphalt, preferably the cold mix, brushed 
in wnth broom and sanded. They are laid without skilled labor, 
can be laid rapidly, and require closing the bridge for only a 
short time. They carry little dead weight in proportion to their 
strength. 

There is on the market rolled iron plate made in different 
widths to be placed on the old wooden floor at the traffic lanes. 
It eliminates vibration, wear on the floor and also serves as a 
traffic guide. It presents a non-skid surface and makes a nice 
driveway. 

A bridge floor to give all the service possible should be 
level with the road or approach and should be kept smooth to 
eliminate all vibration possible. 
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NEW DEVELOPMENTS IN THE CURING OF 
CONCRETE PAVEMENTS 



By H. F. Clemmer. 
En^'neer of Materials, Illinois Division of Highways. 



Experience and investigation in the past few years have 
developed many refinements and improved methods in the con- 
struction of concrete pavements. Increased traffic on the high- 
ways has demanded that ever}- effort he made to improve con- 
ditions affecting the convenience as well as the safety and com- 
fort of the travelling public. 

In accordance with this policy attention has been given to 
such matters of design and construction as that of obtaining 
smoothness of surface, increasing the radius of cur\-es, widen- 
ing of curves and the enforcement of regulations with regard 
to advertising signs on iiighways. elimination of grade cross- 
ings, and extension of vision at railroad crossings and highway 
intersections. 

State Highway- Departments. Technical Societies and Engi- 
neering Universities have made studies and investigations on 
problems affecting the quality of pavements such as design of 
mix, rules of proportioning, suitability of various types of sands, 
stone, and cement, durability of concrete, stress phenomena, ad- 
mixtures, accelerators, and methods of curing. 

Possibly one of the most interesting problems at the present 
time is the development of new processes in curing concrete 
pavements. Old blanket methods of curing by dirt, water and 
^traw are reliable if properly carried out. However, an increas- 
ingly important factor in daily business and personal conduct 
is that of time, and as a result it has been asked, "Can we speed 
up construction*' and "Can we cut down the curing perio<l (m 
:oncrete pavement?*' 

Early in the history of Portland cement it was known that 
certain chemicals accelerated the set of cement. Calcium chloride 
and allied compoimds were found to be the best for this purpose. 
Reliable tests have been made which indicate that the time re- 
quired for proper curing may be reduced 25 to 50 per cent, rep- 
resenting to the public an enormous saving in travel cost as well 
as convenience. As given in a table compiled recently by Prof. 
T. R. Agg, of Iowa State College, the cost of operating a pas- 
senger automobile over ordinary earth roads is 12.6 cents per 
ton-mile as compared with a cost of 9.3 cents over a good con- 
crete pavement, making the difference in cost of operation i,i 
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cents per ton-mile, or an average of 4.1 cents per care-mile con- 
sidering the average weight per car to be 2,500 pounds. In the 
construction of 1,000 miles of pavement in one year necessitating 
1,500 miles of detour with the average daily traffic of 500 cars, 
there is a saving of $900,000 to the motorists, if the construction 
period is cut down 15 days. This astounding sum, as well as 
many of the worries incident to detouring, is saved to the motor- 
ist and the cost of detour maintenance is saved to the State, if 
the time required for the proper curing of concrete can be re- 
duced from 30 to 15 days. A further advantage in this method of 
curing is realized in cases where water for curing is not readily 
available and, therefore, must be piped or hauled at great cost, 
where dirt in sufficient quantities is likewise costly. 

The surface application of calcium chloride may be properly 
called a recent development in curing of concrete pavements. 
Its importance is reflected in the fact that several state highway 
departments have, during the past two years, adopted as alter- 
native the curing of pavements by calcium chloride and others 
are investigating and considering the method. Nearly three 
years ago as a result of tests made up to that date instructions 
were issued to engineers of the Illinois Division of Highways 
covering the use of calcium chloride as a curing agent applied 
dry to the surface of the concrete and used in solution as an 
admixture. The instructions issued were as follows : 

"Use on the Surface of Pavements for Curing. — Calcium 
chloride may be used in connection with curing of pavements, 
taking the place of the usual curing with earth and water, or the 
curing with water by what is known as the ^pounding method.* 
Two and one-half (23^^) pounds of the flaked or granular mate- 
rial (the flaked is preferred as it is more easily distributed and 
less easily removed by wind or rain) shall be applied to each 
square yard of pavement and it shall be distributed uniformly 
over the surface of the finished pavement by means of a mechan- 
ical drilling device or by the use of shovels and long handled 
brooms. The material shall not be spread upon the pavement 
until the latter has thoroughly set, ordinarily from six to eight 
hours after laying the pavement. Care shall be taken that the 
material is uniformly spread and if, in the opinion of the engi- 
neer, a uniform distribution is not obtained from the shovels, 
a thorough brooming shall be required. All lumps shall be 
broken up and uniformly distributed over the surface. 

Calcium chloride shall not be applied during rains and ex- 
periments have definitely determined that, if a rain follows the 
placing of the calcium chloride after a period of two or three 
hours there will have been enough absorption of the calcium 
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chloride by the new pavement preceding the rain that there will 
not be required additional applications of the material. 

Incorporating in the Mix to Hasten the Set. — The Depart- 
ment will permit the use of calcium chloride in the concrete 
mix for pavement construction during cold weather. When used, 
the solid, granulated, flaked or powdered materials shall be thor- 
oughly dissolved in water. It is recommended that the proper 
amount of calcium chloride solution should enter the mixer drum 
just before the water is added to mix the aggregates, or the solu- 
tion may be added direct to the stone or sand when in the skip, 
but in either case the method of handling this solution shall be 
approved by the engineer. 

When used in the pavement work, not more than two per 
cent (2%) by weight of the cement shall be used. 

Calcium chloride should not be used in a pavement that 
crosses an electric railroad but its use should be discontinued 
approximately one -quarter of a mile from the electric railroad 
crossing. There is no objection to using the material when the 
highway parallels an electric line. 

It is not definitely known at what temperature concrete will 
freeze when the two per cent of calcium chloride is mixed with 
the concrete and it will, therefore, be necessary to arrange to 
cover the pavement with loose straw or earth as soon as it has 
taken sufficient set to prevent marring of the surface. In other 
words, calcium chloride hastens the setting of the concrete, but 
is in no sense a protective. It makes possible an earlier ap- 
plication of a straw or earth covering. 

Due to its action on reinforcing steel, calcium chloride shall 
not be used in bridge or culvert construction ; therefore, the usual 
precautions should be taken when placing concrete in culverts 
and bridges during temperatures around the freezing point." 

The above instructions cover in general those issued by high- 
way departments of the various other state and municipalities 
permitting the use of calcium chloride. 

The investigations that have determined the action and 
suitability of various materials as curing agents have been con- 
ducted by several laboratories, including the U. S. Bureau of 
Public Roads, the Structural Materials Laboratory of the Lewis 
Institute, and the Illinois Highway Laboratory. The results of 
these experiments are available in publications and although a 
detailed discussion would be somewhat cumbersome pertinent 
conclusions may be quoted. 

1. "In the use of calcium chloride no advantage was gained 
for percentage of the commercial product greater than 2 
or 3 per cent of the weight of cement (Chlorine content 1 
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to lj/2 per cent). This amount when used in mixes of about 
1 :5 and in consistencies suitable for building construction, 
showed an increase in compressive strength of from 100 to 
200 pounds per square inch, which increase was practically 
constant at ages of 2 days to 3 years. For richer mixes 
and drier consistencies the strength increase was greater and 
for leaner mixes and wetter concretes it was less." (Bul- 
letin 13, by Duff A. Abrams, Structural Materials Research 
Laboratory, Lewis Institute.) 
2. "Concrete cured with a surface application of calcium chlor- 
ide of suitable intensity will attain approximately the same 
strength in 14 days as concrete cured by wet dirt or other 
similar methods in 28 days." (Can We Cut Down the Cur- 
ing Period for Concrete Roads? by H. F. Clemmer, A. R. 
B. A. Convention, 1924.) 

Investigations in curing of concrete were begun by the Illi- 
nois Highway Laboratory about three years ago, shortly after 
construction of the Bates Experimental Road. Tests were made 
to determine the effects of its use, in the dry form, as a surface 
curing agent, and in solution as an admixture. A review of the 
results is included in the Proceedings of the American Society 
for Testing Materials (1923) under the title, "An Investigation 
in the Use of Calcium Chloride as a Curing Agent for Concrete," 
and a later paper entitled, "Can We Cut Down the Curing 
Period for Concrete Roads," presented at the 1924 convention of 
the American Road Builders' Association at Chicago. 

The investigations were conducted in several series, a gen- 
eral review of which follows : 

Over 2,000 specimens were used, including 500 beams 8"x 
12"x30", 1(X) cylinders made to serve as a check on quality of 
the concrete, 1,(XX) cylinders and tensile briquettes of 1 :3 mortar 
and neat mixtures, and in addition slabs of various sizes for 
determination of wear and other surface phenomena. A volumet- 
ric mix of l:2:3j/2 standard in Illinois for highway work, was 
used and all stone, sand and cement were tested in accordance 
with state specifications. 

External Treatment 

Since the primary interest was in strengths obtained at 14 
and 28 days the greater number of specimens were tested at these 
ages. Tests were also made at 60-day, 90-day, 6 month, 1 year 
and 2 year periods. 

Series 1. — Series 1 included 260 specimens, 100 poured in 
forms made by excavating to the desired depth in the ground 
and placing wooden sides, 60 poured in oiled wood forms and 
100 poured in concrete forms. (Tanvas protection against weather 
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conditions was provided. The purpose of using the concrete 
forms as shown was to duplicate as nearly as possible pavement 
conditions. Specimens in this series were given the following 
treatments: 2 inch dirt wet, 3 days; 2 inch dirt wet, 7 days; 2 
inch dirt wet, 14 days ; 1 pound per square yard calcium chloride, 

1 pound per square yard calcium chloride with 1 inch dirt, 3 
pounds per square yard calcium chloride, 3 pounds per square 
3^ard calcium chloride with 1 inch dirt, }/i to 2/3 gallon per 
square yard asphalt. 

Series 2. — The specimens in this series were poured both 
in oiled wood forms and in concrete forms. The effect of an 
oiled sub-grade, as well as the use of magnesium calcium chloride 
and sodium silicate as curing agents was investigated in this 
series. 

The specimens in this series were given the following treat- 
ments : 3 pounds per square yard calcium chloride after 10 hours, 
3 pounds per square yard calcium chloride after 24 hours, 3 
pounds per square yard calcium chloride after 10 hours washed 
off 12 hours later, 3 pounds per square yard magnesium calcium 
chloride after 10 hours, 3 pounds per square yard magnesium 
calcium chloride after 24 hours, 1/5 normal solution of sodium 
silicate after 10 hours, 1/5 normal solution of sodium silicate 
after 24 hours, 2 inch dirt wet, 7 days ; 2 inch dirt wet, 14 days ; 

2 inch dirt wet 7 days (Sub-grade oiled). These specimens were 
tested at the ages of 14 and 28 days. 

Series 3. — In this series specimens were cured with surface 
treatments of various forms of calcium chloride in order to com- 
pare the effect of using dry calcium chloride with that of using 
solutions of the chemical. 

Results 

These results may be interpreted from several angles but 
considering the subject of this paper, the most valuable and 
significant comparisons to be drawn are those that demonstrate 
the ability of calcium chloride curing to secure as great a strength 
in 14 days as is obtained by the use of wet earth in 28 days. 

For the purpose of a practical interpretation of the results 
of Series 1, Fig. 1 has been included, showing the 28-day trans- 
verse strength of the specimens in per cent, using as 100 per 
cent, the transverse strength obtained from the specimens cured 
with earth wet 14 days. This comparison is especially significant 
since wetted earth curing is universally considered as satis- 
factory. 

As a second interpretation of the Series 1 tests. Fig. 2 shows 
a chart illustrating the fact that greater transverse strength is 
obtained by the use of calcium chloride in 14 days than by the 
other methods in 28 davs. 
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Results of experiments confined to the comparison of the 
effects of surface application of dry calcium chloride as com- 
pared with the external use of solutions of the chemical show the 
dry chemical to be far superior. Specimens cured with dry chem- 
ical applied externally had moduli of rupture averaging approxi- 
mately 760 while those treated externally with 60 per cent solu- 
tions averaged approximately 590, and 30 per cent solutions 
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averaged approximately 545. It was thought at the time that 
if the method was found satisfactory the application of a con- 
centrated solution of calcium chloride would be somewhat more 
convenient and uniform than treatment with the dry material. 
Properties of Calcium Chloride Applied Externally: 

In order to study the hygroscopic properties of calcium 
chloride and the extent of moisture attraction, mortar specimens 
of uniform weight were made and treated with varying quan- 
tities of calcium chloride, including a series of specimens having 
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no treatment. After being treated, these samples were weighed 
at intervals of one hour and the loss or gain in weight calculated. 

A weight greater than the original was observed on all 
treated specimens for a period of as high as 45 hours, the un- 
treated specimens, however, exhibiting an immediate loss. The 
fact that this action is proportional to the strength of the treat- 
ment is also apparent and leads to the theory that the hygro- 
scopic chemical freshly applied attracts moisture from the air in 
proportion to the amount used until the absorbed moisture is in 
equilibrium with that of the air, after which by absorption into 
the concrete and loss by mechanical means, the amount of chem- 
ical, and necessarily water, gradually decrease. The property 
of calcium chloride of maintaining the moisture content of the 
concrete at a higher percentage during the first 48 hours, leads 
to the belief that the chemical serves to prevent the formation of 
transverse cracks caused by shrinkage. General observation 
indicates that fewer transverse cracks occur in concrete pave- 
ments cured with calcium chloride than in those cured by pond- 
ing or wetted earth. This is being definitely investigated in 
Illinois at the present time. 

Calcium Chloride on Concrete Surfaces: 

Laboratory investigation was made to determine the effect 
of excessive amounts of calcium chloride on concrete surfaces. 
To illustrate the various effects, tensile briquettes of 1 :3 mortar 
were made and treated. Specimens treated with a surface ap- 
plication of dry calcium chloride such as would be equivalent to 
10 pounds per square yard of surface indicated slight puffing 
due to this excessive use of the chemical. It was noted that the 
tensile strength of these briquettes at the age of 28 days was not 
affected by the excessive amount of calcium chloride. In prac- 
tice, however, contractors are cautioned against the use of ex- 
cessive quantities and are instructed to break all lumps and 
spread the material evenly on the surface. 

Wear of Surface : 

To gain an insight into the wearing value of the treated 
surface of concrete pavements, several slabs have been cast and 
tested at various ages in a machine designed especially to ap- 
proximate the wear of a concrete pavement. A wear machine is 
used in which the specimen is clamped horizontally to the frame 
of the apparatus and wear effected by the abrasion of two metal 
vveights with the aid of a constant flow of standard abrasive 
material. The depth of wear is determined by Ames dials, using 
reference points on the specimen. 

The treated surface using 2^ pounds per square yard of 
calcium chloride, shows an almost imperceptible wear of 0.024 
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inch, while the untreated surface shows a distinct depth of 
abrasion of 0.20 inch under the same number of revolutions of 
the apparatus. 

The ease with which calcium chloride in proper condition 
may be spread is apparent, very little labor being required for 
the operation. The method of application has been left to the 
contractor or resident engineer and there have been developed 
as a result several implements and methods by which the mate- 
rial may be applied. One requirement of the department, how- 
ever, is that a uniform application be made. 

The results obtained so far by no means limit the extent to 
which further investigation may be continued or the problems 
to which chemical curing may be applied. Several laboratories, 
as well as the Illinois Highway Laboratory, are conducting work 
on the curing of concrete which will no doubt prove of great 
value in the future. Experiments have progressed to a point, 
however, where the question of cutting down the curing period 
for concrete pavement can be definitely answered. 
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WHAT DID YOU DO WITH YOUR ROAD FUNDS? 



By E. M. Murphy, 
Hendricks County Highway Superintendent. 

Ever since it was established, the office of the County High- 
way Superintendent has been considered a joke by a class of 
j)eople that do not know the facts with reference to road main- 
tenance. Only two years ago at our last legislature there were 
fourteen bills introduced in the House to modify in some way 
or other, the Highway Superintendent's Office, or to absolutely 
abolish it. The amount and cost of material and equipment used 
makes it the biggest job from an administrative standpoint of 
any in the county. 

I have organized our county into sixteen districts with an 
assistant superintendent over each district. The road funds for 
the work of maintaining the roads of the counti^- are apportioned 
with due regard to the topography, condition, character and 
volume of traffic, availability of good road repair materials, drain- 
age, etc. 

During 1924 we graded twentA-five miles of road, dragged 
and rolled several miles of rock road to a smooth surface, and 
scarified and graded a number of streets in small towns. Some 
township roads were graded, the county furnishing the road 
roller and grader and the trustee paying the operating expenses. 
During the last three years we have graded 135 miles of road, 
using a large grader with a steam roller, scarifying the 
road and moving the gravel to the center to permit building of 
the berm and side ditches. After leveling and rolling the berm 
we moved the material back to the edge of the berm and rolled 
again making the travelled way of the road perfecth' smooth, 
with just sufficient crown for drainage. 

We have several towns in our county with a population run- 
ning from six hundred to one thousand inhabitants, the streets 
of which were a part of roads constructed under the Three Mile 
Road Law. These had been maintained by adding new material 
until the center of the streets were entirely too high. To make 
them safe for travel and give parking space along the side, it 
was necessary* to scarify the streets, remove the excess dirt, re- 
grade, level, roll down to a smooth surface, and then resurface 
w ith new material. The county paid for the new material and 
furnished the trucks and drivers. The Town Board furnished 
the help to shovel the material into the trucks and also hauled 
awav the excess scarified material in the streets. We have 
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treated the streets in this manner in eight such towns in our 
county in the last three years. 

We have also furnished rock for part of the roads in the 
county in the amount of 7,000 tons; also washed and screened 
gravel shipped into the county in the amount of 5,800 tons ; 
washed and screened gravel from our home plant in the amount 
of 3,400 tons; creek, bank and dipped gravel in the amount of 
33,781 yards, graveling in all a distance of 125 miles, besides re- 
pairing other roads. 

We have seven trucks, two of these trucks we rebuilt last 
year making them as good as new. We have a mechanic in our 
employ that keeps our trucks in repair at all times, and also 
drives our road roller when rolling and grading the roads, and 
is paid out of the road funds at 50 cents per hour. 

We have six big wooden drags that we have built, and 
always keep material on hands for building and repairing drags. 

I have divided my road funds into the following items of 
road expense: 

Day Labor, 25 cents to 30 cents per hour $ 4,195.15 

Team and drivers, 50 cents to 60 cents per hour ,. 32,142.83 

Of which $5,742.97 was paid out for dragging, 
grading and spreading gravel in the different dis- 
tricts. 

Total cost work done with county trucks 9,553.89 

Most of this item was for hauling new material, 
such as stone and gravel, mostly on long distant 
hauls. 

New material — gravel and stone 28,667.96 

Tools and machinery 3,842.68 

About $1,000.00 was spent for rebuilding two 
old Indiana trucks. 

Drags and slip scrapers 319.30 

Sewer pipe 311.92 

Miscellaneous items of expense 2,801.58 

Lumber for drags, drain tile, hardware, tarvia 
and cold patch. 

Superintendent's salary 1,380.00 

Plus mileage for looking after road work 711.50 

Asst. Superintendents' salaries 4,145.88 

Total.... $88,072.69 
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WHAT DID YOU DO WITH YOUR ROAD FUNDS? 



Discussion by William Mitchell, 
Perry County Highway Superintendent. 



In the maintenance of Perry Couhty highways, instead of 
using assistant highway superintendents under a specific salary, 
I have divided our roads into sections of about seven miles each, 
and placed these in care of a patrolman who lives in the vicinity 
of his patrol section. I often procure these patrolmen for $2.00 
to $2.50 per day, thereby saving the county the difference be- 
tween these figures and $3.00 per day, the fixed salary- of an 
assistant superintendent. 

Our main work has entailed the reconstruction of several 
newly built roads as well as some of the older ones. This has 
included the lengthening of culverts, widening the road bed, 
and resurfacing with river gravel, also the easing of some of 
our dangerous curves and moving stumps and large stones from 
side ditches and drains. 

Resurfacing can not be done at a very rapid rate with our 
present maintenance funds in view of the fact that this work 
costs us about $800.00 per mile. This is based on an average 
five mile haul and about 250 cubic yards of gravel per mile. 

It is true that we have some roads that have not been prop- 
erly constructed, and I presume that many other counties are 
confronted with the same conditions, but these roads are a part 
of our system and have to be maintained along with the better 
built roads. We have a little more than 82 miles, mostly inferior 
type roads, and the maintenance proposition which confronts the 
taxpayers of our county is one of deep concern. As I see it, 
either the legislature will have to relieve our poorer counties by 
giving us more gas tax, or a still heavier burden must be placed 
on the taxpayers in order that our roads may be properly main- 
tained. 

You can see that with only ten million dollars assessed value 
of property in our county what a burden has been placed on 
our people to build 82 miles of improved road that we have, and 
the maintenance problem is a still greater burden than the first 
cost. 

The following table shows how our maintenance funds were 
used in 1924: 

Taxable property $10,000,000.00 

Gravel road repair rate .20 

Money derived from taxes $19,462.20 

Gas tax from state 3,155.97 

Total money available $22,618.17 
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County mileage 82.09 miles 

Miles of road repaired 70.00 miles 

Expended on roads (approximately) $17,000.00 

New machinery purchased and other items 1,500.00 

Balance, December 22, 1924 4,000.00 

Classification : 

Labor $3,300.00 

Team and truck 6,300.00 

Materials and supplies 5,100.00 

Superintendent's salary 1,096.00 

Superintendent's expense 167.70 



HOW HUNTINGTON SOLVED THE PROBLEM OF 
PAVING ITS CITY APPROACHES 



By W. F. Eberhart, 
Huntington County Highway Superintendent. 



The improvement of the approaches to the City of Hunting- 
ton has been the subject of discussion for a number of years. 

In 1922 a petition was filed to improve one of the approaches 
to the city under the County Unit Road Law. The figures in 
Table I were compiled and attention directed to the fact that 
the wealthiest township (Huntington) in the county had only 
spent about an equal amount with the other townships for roads. 
Expenditures under the Three Mile Road Law were used in the 
table for comparison. 

About 225 miles of road had been built by taxing costs 
against farms one and one-half to two miles on each side of the 
roads improved. However, it was thought best to limit com- 
parisons to more recent construction. 

The attention of civic and business organizations such as 
Kiwanis, Rotary and Exchange clubs and the Chamber of Com- 
merce was directed to the relative amount of road work done 
by the various taxing units of the county. Their co-operation 
was secured in making out an equitable solution of the problem 
of city approaches. 

By common consent it was agreed that Huntington Town- 
ship should bear the expense of hard surfacing the main ap- 
proaches to the city. 

Petitions were circulated similtaneously for the improve- 
ment and each person was asked to sign all of the petitions. Be- 
tween six and seven hundred names were signed on each peti- 
tion. A remonstrance under such conditions seemed practically 
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useless. In spite of the fact that we were almost unanimous that 
the things should be done, difficulties arose when the type of 
pavement was to be determined. To date, we have plans for 
concrete, Kentucky rock asphalt on concrete, Kentucky rock 
asphalt on macadam, sheet asphalt on concrete, and sheet asphalt 
on macadam. 

We have received assistance from the Engineering Exten- 
sion Service of Purdue University and the State Highway Com- 
mission and present indications are that our plans will be car- 
ried out successfully in the near future. 





TABLE L— HUNTINGTON COUNTY 


ROAD 


DATA DEC. 


81, 1922. 




Township 


Total 

Road 

Tax •(!) ♦(2) *(3) •(4) 

Lory 


County 

Road 

Mileage 


Town- , 

State 1 ship < 

Road 1 Road , 

Mileage'Mlleagc 


Bonds 


Debt 


Valuation 


Jackson 


.832 (.08-.132-.12-.56) 


28.71 


7 


35.88 


$174,100.80 


$103,728.64 


$4,174,920.00 


Clear Creek 


.302 (.03-.132-.17-.07) 


44.64 




26 


76,471.70 


8.025.36 


3.621,870.00 


Warren 


.482 (.03-.132-.0&-.27) 


40.24 




14 


111,556.00 


27,550.00 


2,968.290.00 


Dallas 


.642 (.03-.182-.10-.38) 


23.68 


5 


15 


123,220.00 


54,026.96 


2,822,290.00 


Huntlnirton 


.262 (.03-.132-.10 ) 


40.03 


7.75 


21 


121,576.00 


5,754.00 


24.475.610.03 


Union 


.382 (.03-.132-.13-.W) 


40.84 


2.5 


24 


68,125.00 


15,505.50 


4,463.400.00 


Rock Creek 


.802 (.03-.132-.15-.49) 


44.44 




36.5 


133.737.00 


64,188.50 


3.733.430.00 


Lancaster 


.622 (.03 .132-.ltt-.30) 


45.01: 


4.75 


16.5 


75,910.00 


53,663.90 


3,119.110.00 


Polk 


.672 (.03-.132-.16-.35) 


27.16 


1.75 


17 


56,908.40 


21,980.90 


1.621,410.00 


Wayne 


.532 (.08-. 132- -.37) 


38.90 


5.75 


7.25 


94,178.00 


37,274.00 


2.023.950.00 


Jefferson 


.680 (.03-.132-.2a-.30) 


46.80 


.50 


18.50 


113,380.00 


42,342.00 


2,957,730.00 


Salamonie 


.672 (.08-.132-.0t^.43) 


56.58 




8.50 


201,334.00 


96.&»5.0D 


4,824,600.00 



In the above table (1) went to the State Highway Commission* (2) to turnpike 
was the township road levy and (4) was for bond retirement. 



• NOTE: 
rt^palr, (3) 



GRAVEL ROAD MAINTENANCE 



By J. T. DONAGHEY, 

State Highway Engineer of Wisconsin. 



Wisconsin is blessed by nature with a goodly supply of road 
materials of various kinds and quality, none of which are so 
valuable as its gravel deposits, especially those throughout the 
glacial district, covering the eastern and southern portion of the 
state. 

We have over 25,000 miles of gravel roads in Wisconsin. 
About 5,000 miles of which are what is termed full depth gravel, 
or from eight to twelve inches. The majority of this mileage is 



Digitized by VjOOQIC 



ELEVENTH ANNUAL ROAD SCHOOL 37 

found on the ten thousand mile State Trunk Highway System. 

The balance is what is termed light surfacing, from five 
to eight inches in depth. This latter mileage in the majority of 
cases has been built by the local units of government. 

Our experience has taught us that gravel road maintenance 
must begin the moment the material is in place on the sub- 
grade. To maintain the surface adequately, the following rules 
must be followed : 

First. Be sure the road enters the winter season in the best 
of condition. Ditches and culverts must be free and open and 
th^road surface must be smooth and free from holes and depres- 
sions that will hold water. Add gravel where needed at this time. 

Second. Go over the entire road (surface and ditches) with 
a twelve-foot blade grader just as soon as conditions will permit 
in the spring. Move the top inch of gravel back and forth at 
least twice. This insures removing all holes and depressions per- 
mitting the patrolman to begin the season's maintenance work 
with no handicap. 

Third. Add new material at all places where the orig- 
inal material has been pounded into the sub-grade by traffic. 
Add new material to the entire surface as fast as the original is 
ground up and blown away. This will be about one-half inch 
per year for each 200 vehicles per day of traffic. 

Fourth. Keep a light mulch of fine gravel covering the sur- 
face at all times. The patrolman must move this mulch of gravel 
entirely across the surface once for each 800 vehicles of travel. 
As traffic increases, the patrol section must be shortened accord- 
ingly and the maintenance equipment increased in weight cor- 
respondingly. 

Time to Do Work 

We begin maintenance work very early in the spring just 
after the frost has left the ground or as soon as the surface is 
thawed to a depth that will permit working a blade grader. 

At this time the gravel surface is somewhat loosened from 
the frost action and it is possible to cut off the high places and 
move them to the low places with more ease and more lasting 
results than at any other time during the season. 

The ridge of gravel thrown outside the wheel tracks by 
traffic is moved in towards the center of the road with the blade 
grader and naturally fills the ruts, holes and low places. 

All large projecting stones are removed from the surface 
before adding new material. 
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Material 

If additional material is needed, it must be made available 
along the roadside during the winter months and added during 
this spring work as it will bond much better and more easily 
than at any other time during the season. 

Where new material is needed to fill the holes and low 
places, use gravel that has passed through a screen having round 
perforations not to exceed one inch in diameter and containing 
but a small amount of binder. 

When the holes and low places have been filled, the entire 
surface is gone over thoroughly with a grader having the blade 
set nearly at right angles, until a uniform and even surface is 
obtained. The blade is then set at the proper angle to shape up 
the surface to the proper cross section, which should not per- 
mit more than a three inch crown for a twenty-four foot surface. 
The blade grader or planer is used frequently to keep the ruts 
filled, assist in compacting the gravel, and smoothing up the 
whole surface. 

Piles of fine gravel for use in maintenance are placed along 
the road at convenient points outside the ditch line where patrol- 
men can easily get the material necessary to fill the small holes 
and defects that may appear from time to time. 

The material is delivered to the road by motor truck or on 
sleighs during the winter months, provided the haul exceeds one 
mile. 

If the patrol man has material available along the roadside 
he can fill the holes immediately in the spring or after a rain 
and water standing in the low places will show him better than 
can be shown in any other way, the exact depth of new material 
necessary to bring the low places to the proper crown. The 
best time to add new material is when the holes or low places 
are filled with water. 

Time to Use Grader or Planer 

The best results are obtained with the blade grader or planer 
early in the season, just when the frost is leaving the surface, 
or after a rainy period of several days, at which time the entire 
surface has become so thoroughly soaked and softened up that 
material moved from the high places will bond readily where 
it drops into the low places. 

Motor trucks are used to good advantage for pulling the 
grader or planer. An ordinary three ton motor truck will pull 
a blade grader or heavy planer very satisfactorily. This requires 
an extra man to handle the grader, but the extra expense is 
oflFset by this type of equipment being suitable for delivering 
material to the road. 
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Motor graders do excellent surface maintenance work, but 
are not satisfactory for cleaning out ditches. 

We find a good team patrol will cover a six mile section. A 
motor grader thirteen miles, and a motor truck twenty miles. 
The team patrol generally being the best and cheapest. 

Do not be afraid to use the grader or planer during dry 
weather on a gravel surface. The material thrown out by traffic 
should be moved in to asssist in filling the depressions caused by 
heavy traffic in dry weather. All of the material will not remain 
in the depressions, but enough of it will to warrant the work. 
We find on those gravel sections where the patrolman keeps mov- 
ing the surplus fine material back and forth across the surface, 
even though the weather is dry, that he invariably has the best 
riding section. 

Scarifying and Reshaping 

Hundreds of miles of uneven gravel roads built in the past 
have been converted into excellent roads for travel by scarifying 
and reshaping. A roller scarifier or an ordinary heavy grader 
scarifier pulled by a heavy tractor is used. It is generally advis- 
able to scarify to the entire depth of the gravel or at least to the 
depth of the deepest holes. Harrow thoroughly with a heavy 
peg tooth harrow and shape up the surface with the blade grader. 
The blade should be set nearly at right angles in order to re- 
move the waves and depressions. Remove loose stones from the 
surface and use the grader or planer daily until the surface is 
well compacted. Add fine gravel where needed to strengthen the 
weak places and fill all depressions. 

Untreated gravel surfaces that carry an average traffic of 
400 or more vehicles per day should be scarified and reshaped 
twice during the maintenance season. The first time as early in 
the season as the work can be done and the second time about 
September 1st. We generally have rains about this season, 
which will assist in bonding the gravel that has been loosened 
up with the scarifier. The surface will be in much better condi- 
tion to go through the fall and spring wet seasons than if the 
holes and wash boarding are allowed to remain. 

Surface Treatments 

When traffic reaches an average of 300 vehicles or more per 
day some form of surface treatment should be applied in order 
to protect the surface of the road from grinding up and blowing 
away. Up to this traffic limit there is proljably no question but 
what the addition of the required amount ef new material from 
time to time will keep the surface of the road in very good con- 
dition at a lower cost per mile per year than can be done by any 
form of surface treatment. However, we must consider the 
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material lost annually, which is not less than 300 cubic yards 
per mile for an average daily traffic of 300 vehicles and the danger 
and nuisance existing from the prevalence of dust. 

Calcium Chloride: 

The application of calcium chloride or any other dust layer 
that does not form a surface that will serve traffic without the 
patrolman's constant attention with grader or planer can hardly 
be classed as a surface treatment. However, on roads carrjing 
not to exceed 400 vehicles per day quite satisfactory- results can 
be obtained by the application of calcium chloride or similar 
dust layers. The surface must be shaped to the proper cross 
section and reasonably well compacted before application. It 
requires an application of from one-fourth to one and one-fourth 
pounds of calcium chloride per square yard for the first treat- 
ment. Generally a second application must be made about mid- 
summer, requiring from fifty to seventy-five per cent of the 
first application, making in all not to exceed two pounds per 
square yard per season. Calcium chloride is applied by the use 
of an ordinary lime spreader and one outfit can apply two miles 
or more per day. Calcium chloride does two things; first, it 
lays the dust quite satisfactorily, and, second, it conserves the 
material on the road surface, not so much as bituminous surface 
treatments, but enough to be recognized as a considerable sav- 
ing per mile per year. It is, however, a dr>' weather treatment 
and works out much better during a dry season than it does if 
the season is especially rainy. During a rainy spell a surface 
treated with calcium chloride gets quite sloppy and pits easily. 
It also requires constant patrol maintenance. 

There is no question but what this treatment is beneficial, 
especially upon those surfaces that are not bonded sufficiently 
to treat with light tar. 

Light Asphaltic Oils : 

There are certain gravel roads constructed of such material 
that the surface is always covered with a heavy mulch of fine 
material that stays bonded for only a short time after each rain. 
On such roads a light oil surface treatment works out ver\' satis- 
factorily and at a reasonable cost. The surface must be shaped 
up properly and the oil applied at the rate of about one-half gal- 
lon per square yard, -\fter the oil has penetrated the fine mulch, 
it should be moved back and forth with a blade grader the same 
as untreated gravel would be handled, and must be gone over 
often enough with the grader or planer to keep it from becom- 
ing solid or shiny at any point. If there is evidence of it becom- 
int^ hard and shiny, it is well to apply a small amount of fine 
gravel and move it back and forth over this portion of the sur- 
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face which will prevent such condition. This treatment will con- 
serve the material, prevent dust, and is generally a satisfactory 
surface for one season. Frequently, however, it is necessary to 
give a light second application about mid-summer. In this 
event the cost will be increased to whatever extent is required 
by the second application. It will not require quite as much 
material per square yard the second year as the first. However, 
if no application is made the second year, the surface soon gets 
in its original condition or worse. In other words, there is no 
permanent or lasting value in a light oil treatment. The total 
cost per mile per year, including new gravel but not including 
patrol maintenance, will range from ^WO.OO to $500.00 This 
form of surface treatment is generally satisfactory up to a daily 
average of 800 vehicles. 

Light Tar: 

Where traffic reaches an average of 800 or more vehicles 
per day, the loss is not less than one and one-half inches of sur- 
face annually, or not less than 450 cubic yards per mile. Very 
few localities have enough gravel available to construct and 
maintain their roads for a ten-year period unless such material is 
conserved to the maximum. A loss of 450 cubic yards per mile 
annually would in five years provide sufficient material for a 
mile of new road. No community can afford this loss. 

We use no material in the top five inches of a gravel surface 
which exceeds a size that will pass a one-inch round opening. 
This material is not separated, but is all deposited in the same 
bin and loaded into trucks from a chute in the bottom of the bin. 
This insures a uniform gradation. The same specifications pre- 
vail on all resurfacing of old gravel roads. This costs somewhat 
more than pit run gravel or gravel crushed to a larger size, but 
it is worth much more than the difference in such cost, especially 
where the surface must be scarified frequently. 

In preparing for the first surface treatment, the surface is 
thoroughly scarified to a width of twenty feet or more, and to a 
depth of the deepest holes appearing in the surface, which is gen- 
erally not more than two inches. It is necessary to lap the scari- 
fier one-half in order to get the surface completely scarified, as 
material of this kind becomes extremely solid under heavy traffic 
and a "once-over'* with most scarifiers will not produce the de- 
sired results. 

Immediately following the scarifier, the surface is shaped 
with a twelve-foot blade grader to a uniform cross-section. The 
material is sometimes loose and dusty on account of the fine con- 
tent, and a sufficient amount of time is permitted to elapse for 
the surface to become well compacted. A good heavy rain will 
aid materially. The surface is now swept clean with a rotary 
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broom. The sweeper is hauled by a motor truck and leaves quite 
a windrow of dust and loose gravel, so that a light grader is used 
to push the windrow out of the way of the sweeper for its second 
trip. The surface is swept twice, and after the second sweeping 
the coarser gravel in the surface projects just a little above the 
rest of the surface, producing practically a mosaic surface. Should 
there be any dust pockets remaining, they must be cleaned out 
with hand brooms. Some gravel surfaces may not need scari- 
fying and are shaped up very satisfactorily with a heavy blade 
grader. This work should be done early in the spring, just as 
soon as the frost leaves the surface of the road. 

Application of Priming Coat: 

After the surface is swept clean, the tar is applied as follows : 
Light tar equivalent to Tarvia B may be applied cold, but 
better results will be obtained if it is heated to 100° F. The 
distributor should be thoroughly cleaned before beginning oper- 
ations and then kept clean. There should be a double strainer 
on the distributor tank intake in order to exclude all cinders 
that may be in the tank car as it is almost impossible to secure 
a tank car of tar which does not contain some cinders. It is also 
very necessary to have several extra nozzles so that if one be- 
comes clogged it can be replaced immediately which will per- 
mit the distributor to operate evenly. Even distribution is very 
essential. 

The priming coat is applied at the rate of one-sixth to one- 
fourth gallon per square yard on new surface treatments, and no 
sand or covering is spread over it. Forty-eight hours or more are 
permitted to elapse after the priming coat has been applied, dur- 
ing which time traffic irons out the surface in a fairly uniform 
manner. If the covering must be spread by hand and conditions 
will permit, immediately following the application of the prim- 
ing coat the covering for the second coat should be deposited 
along the shoulder of the road. Be sure that the windrow of 
loose dust and gravel left by the sweeping has been pushed clear 
out over the shoulder with a grader before the covering is 
deposited along the shoulder as the covering material should be 
located on the shoulder outside of the edge of the surface treated 
portion and not be permitted to mix with the loose material swept 
off the surface. 

Depositing the Covering Material : 

Pea gravel, fine stone chips or clean, coarse, sharp sand is 
the best material to use for covering, and for a twenty foot sur- 
face it will require about fifty cubic yards per mile to cover the 
surface properly. The covering should be deposited in piles of 
about one-fourth cubic yard each, and twenty-five feet apart. 
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and care should be taken that the inside edge of the pile be en- 
tirely clear of the outer edge of the surface treated portion for, 
if a thin film of covering opposite the piles should be covered 
with the second application of tar it would pit out at that point 
and produce very unsatisfactory results. 

The reason for depositing the covering in advance of the 
application of the second coat is that a certain amount of cover- 
ing must be applied immediately after the second coat of tar 
touches the surface, which prevents the tar from running off and 
permits it to penetrate the surface, thereby forming a skin coat 
and not a mat. The covering if deposited along the shoulder is 
also available to add immediately in any amount desired to pre- 
vent picking up and to cure bleeding. 

Application of Second Coat: 

Should several days have elapsed before the second coat is 
applied and the surface has become slightly loosened or dirty, it 
should again be swept lightly to remove any loose material. The 
distributor is now set to spread about one-third gallon per square 
yard and care must be taken to have the tar spread uniformly. 

Where the covering is spread by hand a number of men 
(from six to ten) are stationed along the sand piles from fifty 
to one hundred feet apart. When the distributor is started along 
the road, the man at the first pile spreads a little less than one- 
quarter of the covering in his first pile on the width covered by 
the distributor opposite the pile, doing the same with the next 
pile and so on, working rapidly. The second man does likewise 
when the distributor reaches a point opposite his first pile, and 
so on down the line of men. The first man, upon reaching the 
point where the second man started spreading, moves ahead of 
the line of men, beginning a new station the required distance 
from the last man in line. Handling the covering in this manner 
permits applying a small amount immediately after the tar 
touches the surface of the gravel, and, as stated before, prevents 
the tar from running off the road surface and assists it in pene- 
trating the gravel, which is what is desired. To do this part of 
the work cheaply and rapidly, on a large mileage, there should 
be two or more distributors on each job, one being loaded while 
the other is distributing. There will naturally be a certain 
amount of elapsed time between the loads, which permits the 
sand spreaders to go back and add sand where needed to keep 
the tar from running off the surface or to prevent picking up. 
The distance of the job from the supply of tar will, of course, 
enter into the time question. The other side of the road is han- 
dled in just the same manner, and the distributor should be so 
equipped that two trips over the road will cover adequately the 
width of surface desired. 
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Extreme care must be taken to avoid spreading too much 
covering on the second coat until it has had time to penetrate 
the surface. If too heavy a covering is spread, or if the spread- 
ers are careless and dump full shovels in a place, the result will 
be that the excessive amount of covering will absorb or blot the 
tar and prevent it from penetrating the surface and will result 
in a mat rather than a skin coat. The spreaders should use 
square point shovels and learn to throw the covering from the 
shovel in a manner that will produce an even application. 

If the weather is reasonably warm penetration will imme- 
diately take place and after two hours have elapsed there is very 
little danger if more covering than is necessary is applied as the 
tar will then have penetrated sufficiently so that the excessive 
covering will not blot the tar. One or two extra men should be 
kept on each mile for at least a day or two following the second 
application to apply covering where the surface starts to pick up 
or bleed, and a small amount of material should be left in about 
every third pile for this purpose. 

Mechanical spreaders may be used, but if used, not to ex- 
ceed one-fourth of the total covering required should be spread 
immediately following the distributor, an additional fifty per cent 
in about two hours, and the balance as needed to cure picking 
up or bleeding. 

The most practical and convenient mechanical device for 
spreading sand, pea gravel or stone chips that the writer has seen 
in operation is in Bane County, Wisconsin. It was designed by 
the county mechanic. It will spread evenly at the rate of twenty 
cubic yards per mile of twenty-foot width, or any desired thick- 
ness in excess of that. It is very simple, can be attached to any 
dump body truck and is not expensive to construct or attach. 
Patching the Surface : 

The patching: material is composed of from fifteen to seven- 
teen gallons of light tar equivalent to Tarvia B, mixed thorough- 
ly with one cubic yard of coarse sharp sand. The material must 
be mixed thoroughly either by hand or in a mixer, and it will 
give better results if it stands several weeks after mixing prior 
to being used. The volatile oils evaporate and when thoroughly 
cured the mixture makes a better patch and will stay in place 
much better. Patching material mixed the previous year has 
been used with better results than when used fresh. No more 
than seventeen gallons of tar per cubic yard of sand should be 
used even though it is slow in mixing. 

Those in charge of maintenance must watch the surface very 
carefully, especially the first ten days after the surface treat- 
ment is applied. If a hole or abrasion appears in the surface the 
loose material should be swept out clean and the hole filled with 
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patching material. If there are any places that appear loose and 
do not harden up under traffic, they should be dug out to a 
depth where solid material prevails, the hole filled and the ma- 
terial well tamped in and given an application of tar, and in a 
few days covered with a coat of patching material. The patch 
will soon iron out and become equal to the balance of the surface. 
The patrolman must be sure to fill every hole just as fast as it 
appears noticeable to the eye, even though it is not more than 
the size of a silver dollar. 

The outstanding points to insure satisfactory results are : 

First: Do not add more than one inch of new material 
during the season in which the treatment is given. In other 
words, if a gravel road is to be surface treated, any addition in 
material required in the line of resurfacing should be applied 
the previous season and permitted to compact during the late 
fall, winter and spring. However, light applications of one-half 
to one inch can be made early in the spring and get good results 
the same season. This material should be placed before scari- 
fying the surface. 

Second : The surface must be well compacted and uniform. 

Third : The surface must be swept clean. 

Fourth : The primary coat must be applied immediately 
after sweeping. 

Fifth: The tar must be uniformly spread. 

Sixth: The covering must be spread evenly, and a little 
less than fifty per cent of the required amount spread immedi- 
ately following the distributor, the balance being applied later 
as required. 

Seventh : If possible, close the road to traffic for twenty- 
four hours after the second coat is applied. 

Eighth : The surface treatment must be followed up 
promptly and carefully by the patrolman or maintenance gang 
and patching material must be added just as soon as the slightest 
hole is noticeable on the surface. A well-prepared surface should 
not require more than seven cubic yards of patching material 
per mile per year. 

Ninth : Unless plans are made to patch every hole the mo- 
ment it appears, it is better not to attempt to maintain a gravel 
road with this type of treatment. 

Approximate Costs: 

The first tar surface treatment of a gravel road twenty feet 
wide will cost from $900.00 to $1,200.00 per mile. This includes 
the necessary preparation of the surface, the follow-up main- 
tenance, and the entire patching cost of the season. 



Digitized by VjOOQIC 



46 PURDUE ENGINEERING EXTENSION SERVICE 

Preparing the Surface for Retreatment : 

Where a road has been previously treated by this method, 
preparations for retreatment are as follows: 

Any portions of the surface that are in perfect condition, 
showing no holes, ridges or wrinkles, may be retreated without 
scarifying or breaking up with a blade grader. Under these con- 
ditions two to three-tenths gallons per square yard should be 
sufficient. 

Those portions that are slightly uneven should be gone over 
with a heavy blade grader early in the spring when the tar skin 
coat is inclined to be loosened up a trifle from frost action and 
weather conditions, pushing the skin coat out of the shoulder 
of the road with the grader and following this up with a light 
blade grader such as is used in patrol work moving the material 
pushed to the side of the road back and forth across the surface 
of the road every other day for a week or two. The best results 
are obtained when the temperature is from 60 to 70 degrees F. 

This breaks up the old tar crust and the grader operations 
smooth up the surface of the road to a point where it is prac- 
tically a perfect cross-section. When the surface has become 
smooth and well compacted by these operations it is swept clean 
and the covering material placed in piles along the edge. The 
tar is applied in the same manner as outlined above and gener- 
ally no priming coat is required. Should the surface require a 
priming coat it should not be in excess of one-sixth gallon per 
square yard. The coat required for the second year*s surface 
treatment is approximately one-third gallon. The third year and 
thereafter a less amount is required unless additional width is 
treated. 

The application of tar, spreading the covering, the follow- 
up patching and everything connected with the work is done 
just the same as on a new surface treatment. 

The Mixing Method 

Where the gravel surface contains but little binder and the 
surface is not well bonded, very good results may be obtained 
by applying the tar without sweeping the surface. The surface 
is brought to the proper cross-section with a blade grader and 
immediately following this an application of one-third gallon per 
square yard is spread over the full width of the road. 

About two hours is permitted to elapse after applying the 
tar to permit it to penetrate the loose surface. However, traffic 
can pass over the surface almost immediately following the dis- 
tributor, splashing but little tar on the vehicle due to the fact 
that it immediately penetrates the loose gravel surface. Two 
twelve-foot blade graders are now used to move the top three- 
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fourths inch of surface over well beyond the center of the road. 
Immediately following the second grader the distributor applies 
one-third gallon of tar per square yard on the solid gravel. Im- 
mediately following this the graders push the loose material from 
the other side over to the opposite side of the road and the tar 
is spread on the other half of the solid gravel. The loose mate- 
rial is now moved back and forth across the road surface three 
or four times. The blade is set at about a 45-degree angle in 
order that it will roll the material along the blade, which assists 
materially in mixing the tar and gravel. When the loose ma- 
terial has been mixed until it is all coated with tar, it is then 
spread out with the blade grader to a uniform thickness over the 
surface. Traffic is permitted to use it immediately; in fact, 
traffic is never shut off on this type of treatment. A light grader 
or planer is used continuously until the surface is thoroughly 
ironed out and well compacted, which will take about two days 
where travel reaches a thousand vehicles or more daily. Where 
traffic is less than this amount it will take slightly longer to iron 
out and become well compacted. 

After the surface is well ironed out a seal coat of about one- 
sixth gallon per square yard is applied, followed immediately 
with a very light covering of pea gravel. The planer is again 
put in operation and moves the surplus pea gravel from the high 
spots to any depression in the surface, resulting in a very uni- 
form and smooth surface within a week or less. 

This method requires about five-sixths gallon per square 
yard and, of course, necessarily costs more than the ordinary 
surface treatment heretofore described. However, it insures a 
penetration of approximately one inch and also insures the entire 
surface being well bonded with tar. We find this type requires 
much less patching and less attention than the ordinary surface 
treatment. We tried out a mile of this type in 1923 and it came 
through the 1924 season without a retreatment. Therefore, at 
the end of the two seasons it was cheaper than the ordinary 
surface treatment. 

We are very much sold on this latter type and are satisfied 
that more of our treatments will be along this line from year to 
year. 

Costs 

We surface treated 200 miles of gravel road with light tar 
in 1924, and expect to treat 400 miles in 1925. Dane County alone 
will treat approximately 200 miles in 1925. After three years' 
experience in Dane County with tar surface treatments the coun- 
ty board appropriated $150,000,000 as a special fund for the 
surface treatment of their main gravel roads in 1925. 
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It may be interesting to know that Dane County is one of 
the few wealthy counties in Wisconsin that has not bonded for 
concrete roads. While I am satisfied that their main roads 
should be of some high type of surface, nevertheless they are 
getting excellent results with the surface treated gravel and are 
satisfying the general public and especially the farming public. 
The maintenance cost is well under the interest on a high type 
surfacing and as long as it remains below that point it can be 
argued that there is no waste of public funds. 

In Wisconsin we find it practically impossible to get appro- 
priations sufficient to build all our main lines of travel with high 
type surfaces, and we do find that we can maintain our gravel 
surfaces in a very adequate manner with light tar surface treat- 
ments giving the public a safe and pleasant road to drive over 
and conserving our local materials by so doing until such time 
as funds can be provided for a higher type surface. 



STONE ROADS OF MONROE COUNTY 



By Prof. U. S. Hanna, Indiana University, 
Monroe County Engineer. 



Owing to the generally rough and rolling character of the 
land in Monroe County the roads in very many parts of the 
rough sections do not follow the section lines, but follow ridges 
and valleys instead. About one-third of the land is very good 
for farming purposes, one-third is only fairly good for tilling 
and pasturing and the remaining third is about as poor as any 
land in the state, and should be taken by the state and refor- 
ested. Thousands of acres in the county are what is called 
"trading land," and it changes ownership very frequently, when 
it has ownership at all. 

These localities are the farthest removed from Bloomington, 
where none of the roads have been improved. The lack of 
wealth and the roughness of the land have made it altogether 
impossible for these out townships to build any roads under the 
three-mile road law. Since the passage of the county unit road 
law we have built and let contracts for about twenty-five miles 
of roads in these outer townships and there are petitions now on 
file for about fifty additional miles. 

Distribution of Stone 

The distribution of limestone suitable for stone roads is 
pretty general throughout the county, and this fact has made pos- 
sible the very rapid development of our stone road system. The 



Digitized by VjOOQIC 



ELEVENTH ANNUAL ROAD SCHOOL 49 

first macadam in the county was broken by hand and placed 
on the streets around the square in Bloomington about fifty 
years ago. The first pike roads were built in the face of the 
greatest opposition, about thirty years ago. And some of the 
original kickers are still kicking. We now have about fifty 
miles of improved streets and four hundred miles of pike roads 
in the county, and the number of kickers is gradually but slowly 
diminishing. Only a very few would care to return to the primi- 
tive conditions, and strangely enough they all live on roads al- 
ready improved. 

There are about sixty locations of quarry sites for macadam, 
fairly well distributed over the county, and about the same num- 
ber of quarries and mills operating for building stone. The aver- 
age haul for delivery of stone on the roads is between two and 
three miles, the longest haul for some roads being four to five 
miles. The average cost of stone delivered on the roads now is 
about $2.25 per yard. The cost of repair work on our three 
hundred miles of county roads in 1924 was $73,000 or about 
$265.00 per mile. This does not mean that all of the roads were 
repaired. Only the most traveled roads and those in the worst 
need of repair received attention. Many of the roads which have 
been improved are not repaired at all for the simple reason that 
repair funds are inadequate. This curtailing of repair funds is 
due to an honest effort on the part of taxing officials to keep 
taxes down. It results in half of our roads getting in such a 
condition in a few years that they must be practically rebuilt at 
a much greater cost than the cost of repair would have been, if 
it had been done at the proper time. On the whole, we pay 
more taxes by having tried to lower taxes at the wrong place, 
and besides we get much poorer service from our roads in this 
deteriorated condition. 

Many of our citizens make use of the fact that we do not 
keep our roads in the proper repair in advocating that we should 
cease the building of new roads. They say, "Why build new 
roads when we can not repair the ones we have already built?" 
The error lies in assuming that the repairs can not be made. 
The tax levy for repairs should be pushed to the limit as a mea- 
sure of economy. This is true now more than ever before, be- 
cause of the much more damaging character of the present traffic. 
If the tax levy for repairs can not be made to meet the require- 
ments then some other means should speedily be found whereby 
the work can be carried on. 

There are really only a few people in the county of a disposi- 
tion mean enough to want to discontinue the construction of 
new roads in the outer parts of the county. These rural citi- 
zens have been paying loyally for the last thirty years of their 
hard-earned savings at the same rate as every other citizen of 



Digitized by VjOOQIC 



50 PURDUE ENGINEERING EXTENSION SERVICE 

the county toward the whole county road repair program, and 
in that time they have paid in more than the cost of what they 
are now asking in return. 

To complete these roads as proposed and petitioned for will 
require about sixty miles in addition to what is under contract. 
The cost will be about four hundred and fifty thousand dollars. 
Our bonding limit for county unit roads is about two hundred 
seventy- five thousand dollars, of which about one hundred thou- 
sand dollars remains unappropriated. After the limit is reached 
there will be enough paid off each year to build four miles of 
average road. From this it appears that it will require from 
twelve to fifteen years to build the roads now petitioned for. In 
view of the fact that we have built four hundred miles of fairly 
decent roads in the last thirty years it would seem that the pro- 
gram of building sixty miles of road in the next fifteen years is 
not unreasonable, and should not cause a very deep gloom to 
settle over our good people who already have their pike roads. 
I am quite certain the people who live way out in the mud will 
not worry much about it. 

Some of our first pike roads were built at a cost of $850.00 
to $1,000.00 per mile. Of course, they had fords then in place of 
bridges and culverts. Most of these roads have been rebuilt two 
or three times since. The average cost per mile, taking into con- 
sideration the fact that many miles have been built two or three 
times, is probably close to five thousand dollars, making the to- 
tal cost about $2,000,000.00. Another million dollars cost for new 
roads, spread out over a period of twenty years, will solve our 
problem of roads in new territory. Then we can settle down to a 
cost of maintenance and occasional rebuilding of old roads with 
new and improved materials and feel that our heaviest burdens 
of road building are beginning to lighten. 

The property within the corporate limits of the city of 
Bloomington pays over half of the cost of new roads and main- 
tenance. The citizens generally are strongly in favor of going 
ahead with our program of connecting our improved roads with 
the improved roads of our adjoining counties. The business men 
of Bloomington believe in extending the territory served by 
them and are willing to invest their money in the rural roads as 
the best means of bringing about this result. As is usually the 
case, what is best for the rural communities in a county is best 
for the county seat and vice versa. 

In the construction of county unit roads now under con- 
tract we are expending from fifteen hundred to three thousand 
dollars per mile on bridges less than twenty foot span, culverts, 
clearing and grade twenty-two feet wide with maximum gradient 
of ten per cent. In two instances so far we have been forced to 



Digitized by VjOOQIC 



ELEVENTH ANNUAL ROAD SCHOOL 51 

a maximum of eleven per cent in our plans. This maximum will 
doubtless seem rather high to many of you, but I may say that 
we have a number of hills in the county, on roads improved years 
ago, with gradients running up to eighteen and twenty per cent. 
One of these, Tabor Hill near Gosport, which for many years 
was used for advertising tests of automobiles, is eighteen and 
one-half per cent. 

The state highway engineers are now making surveys for 
the purpose of getting away from a lot of these steep hills in our 
county on state road No. 22. It looks as though they might have 
to relocate the road for almost the entire distance through the 
county if they are to secure as low a maximum gradient as roads 
with such heavy traffic should have. 

Construction Methods 

We do not find it necessary to roll the subgrade. The stone 
is hauled to the road in five-yard trucks weighing twelve tons 
loaded. The wheel treads are fourteen inches and drivers are 
bound to distribute the bearing well over the subgrade to pre- 
vent it from rutting. The subgrade is crowned an inch and a 
half to two inches on the center twelve feet and six to seven 
inches from the center line to the ditch. 

On the subgrade we place a nine-inch layer of stone twelve 
feet wide of sizes to pass a three-inch ring, from which enough 
screenings have been removed to make a top layer of four inches. 
The character of the stone has very much to do with the amount 
of screenings made. The fineness of the crushing should be such 
that will yield strong four inches of screenings rather than scant 
four inches. The cost of the stone is close to a dollar a lineal 
foot. 

We use thirteen-inch boards with thirteen-inch pins in the 
center, the pins being set after the nine-inch layer is placed so 
the trucks will pass over them. The screenings* course is kept 
up close to the first course, neither course being rolled. We do 
not bank the boards at all, and when they are removed the edges 
of the stone are raked outward one foot on each side. This bev- 
eling makes it easier for traffic to get on and off the stone and 
the traffic helps in widening the stone, which in time comes to 
be about sixteen feet. 

Three or four times during construction the wheel ruts in 
the stone are filled by using the grader and during the first year 
after completion the county road superintendent frequently runs 
the grader over them to smooth them up. In a year's time the 
traffic will have found the road in fairly good condition. The 
people in most localities where we are building them seem very 
much pleased to get them w^ithout the expense of rolling and 
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water-binding. We are convinced that we are getting some very 
good roads at a minimum cost. 

In cases of rebuilding roads carr>'ing very heavy traffic, 
where the width required is eighteen to twenty feet, we have 
built water-bound roads, perhaps fifty miles in the county. It is 
only a very short time until the process of traffic binding has to 
start and be kept up the same as on the roads that have been 
traffic bound from the first and without the added cost. If the 
traffic on a road justifies water-binding, then it justifies the addi- 
tional expense of putting on some wearing surface to take the 
wear of traffic. 

We believe that the methods of maintenance followed in 
our county by the State Highway Commission's maintenance de- 
partment are the best for our roads and we are following their 
plan as far as possible to do so on our old roads in repairing 
them. We have a most excellent road superintendent and one 
who is very skillful in making the funds hold out and spread out 
over the 300 miles of roads, but he should have at his disposal 
twice as much as he has. 

The greatest damage to our roads is brought about by ero- 
sion, owing to the high gradients so frequent throughout the 
county. This condition is always accompanied by very low tax 
values and the two do not make a very happy union. 

We are much inclined to the belief that the state should in- 
crease the road mileage in the state system to ten thousand miles 
and help the poorer localities in the state get better roads. 
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NEW DEVELOPMENTS IN MAINTENANCE OF 
CONCRETE AND BRICK ROADS 



By A. H. HiNKLE, 
Supt. of Maintenance, Indiana State Highway Commission. 



Large sums of money are being invested annually in the 
construction of concrete and brick pavements. It is important 
that the most economical means of maintaining and repairing 
such pavements be determined and put into practice in order 
that these large investments shall be protected. It is important 
that every type of road be properly maintained. Unless it is 
contemplated to properly care for the more costly types of pave- 
ment, we can not justify ourselves in building them. 

Although the highways are now ^ controlling factor in our 
modern civilization and the transportation feature of them is the 
big development which stands out mo$t prominently and is most 
impressed upon the general public, yet it is imperative that many 
little technical details be learned and put into practical effect in 
order to economically build and maintain a system of good high- 
ways. 

A number of people throughout the country are now devot- 
ing much of their time to a study of the best methods of main- 
taining such pavements. Almost every year finds some new dis- 
covery, or perhaps we better say an old discovery put into prac- 
tical application, in the maintaining and repairing of our high- 
ways. We are doing this year what was never thought of a few 
years ago or what was done only in a haphazard or an ex- 
perimental way. 

In a discussion of the subect of this paper, I will try and 
describe briefly some features of this work which are more or 
less new or which I consider very important in ordinary practice 
in doing highway maintenance work. The larger part of the 
paper, however, will be devoted to a discussion of making con- 
crete repairs with quick hardening concrete. The use of such 
concrete will be a great advantage to the general public in that 
a road need not be closed long to traffic because of the repairs. 

A. Filling Cracks and Joints 

Monolithic types of pavement are all subject to cracking. 
While these differ greatly in degree they are not necessarily any 
serious detriment to the pavement. Observation will show, how- 
ever, that usually the more frequently the cracks are found the 
more defective is the concrete or the poorer the sub-grade. 
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The cracks and joints in such pavements should be sealed 
about twice a year so as to keep the pavement water-tight and 
thus prevent, so far as possible, water from reaching the sub- 
grade. Also, the cracks should be filled to prevent the edges 
from raveling. 

Our experience would indicate that the most suitable mate- 
rial for filling such cracks is asphalt meeting our specification 
for Emulsified Asphalt A. E.-l or tar meeting our specifications 
for Tar T. P.-2. The former material is used cold while the lat- 
ter has to be heated before it is poured into the cracks. 

Both materials are covered with coarse sand, or stone or 
slag about yi inch in size. The bituminous material can best be 
poured into the cracks from a small pouring can preferably not 
exceeding two gallon capacity. A small can will aid in prevent- 
ing the use of too much of the asphalt or tar which is very ob- 
jectionable. The use of an excess of the bituminous material 
will build up a ridge across the pavement which is quite as ob- 
jectionable as the unfilled crack. In addition to the neglect to 
fill the crack, I know of no more frequent mistake than the per- 
sistent use of an excess of the bituminous material. The crack 
should be just filled with the asphalt or tar which should be 
permitted to lap over on the spalled edges of the concrete no 
farther than is necessary to merely protect same. Experience 
and observation will soon teach one how much material to use. 
After the filler has been subject to traffic for a few days, the 
crack filler should project above the level of the pavement no 
more than }4 inch. The filling of the cracks can be properly 
done if a little care is used in the work. Too frequently the 
work is done with the grossest carelessness. 

Because the filler is splashed out of the crack by traffic going 
over it just after it is poured, it is desirable on a heavy traffic 
road to fill the cracks in but one side of the pavement at a time. 
The filling operations themselves will keep the traffic off the 
newly filled cracks for a short time which is usually all that is 
necessary. 

The repair of cracks in Monolithic brick pavements can be 
made in the same manner as cracks in concrete pavements. 

Emulsified asphalt, if subjected to freezing temperatures 
before the water evaporates, will be injured and hence it can not 
be successfully used during the winter season. Very small 
cracks may be filled during the winter season, with cold tar 
meeting with our specifications for Tar T. C. M. This grade of 
tar cannot be successfully used to fill cracks in its pure state 
during the summer season as it is too liquid and will readily 
flow from the cracks. 
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Where the cracks are sufficiently wide the edges should be 
painted with one of the above grades of bituminous materials 
and then tamped full of bituminous concrete made by mixing 
either emulsified asphalt AE-1 or tar TCM with a graded stone. 
The maximum size of stone should be no greater in diameter than 
2/3 the width of the crack or the depth of the depression to be 
filled and should be graded down to ^ inch size. If tar is used 
to make the mix it should contain practically no dust and little 
material that will pass the %. inch. If the asphalt is used, 10 per 
cent to 20 per cent of the stone may pa^ the 34 J^ch and a small 
amount of dust is not objectionable. If there are visible voids 
in the mixture used to fill the cracks after same are tamped into 
the crack, they may be filled with a paint coat of the emulsified 
asphalt or hot tar TP-2 and covered with sand. 

B. Surface Disintegration or Depressions in the Surface 

Very shallow disintegrated areas may be painted with emul- 
sified asphalt or the hot tar and covered with coarse sand or 
stone or slag screenings. If the depression is of any appreciable 
depth, after the surface is painted, it should be built up to the 
proper elevation by tamping into the paint coat one of the 
bituminous mixtures mentioned above. For this latter purpose 
rock asphalt or any one of the hot mix bituminous concretes 
may also be used. 

In making such patches it is exceedingly important that the 
surface be brought to a true and uniform grade so as to have, 
when completed, a smooth riding surface. A straight edge 
should be applied parallel with the line of the traffic to aid in 
determining the smoothness of the surface. It is also important 
that no great excess of bituminous material be used in painting 
the old surface and that the minimum amount of the bituminous 
material be used in the mixture in order to reduce as far as pos- 
sible the possibility of the surface waving and rolling under 
future traffic. 

C. Sub-grade Defects — Base Failures 

It is not uncommon to find the pavement failing because of a 
poor sub-grade consisting of clay which saturates badly by 
capillary attraction. This is frequently a difficult problem to 
solve. Every effort should be made to drain the sub-grade as 
frequently springs are found in such clays. Besides having suit- 
able side ditches, french drains can be constructed in the should- 
ers extending from about 1 foot below the lower edge of the 
pavement to the side ditches. If these fail to properly drain the 
sub-grade, the slab will frequently break up in time after much 
heavy trucking has gone over it. These breaks produce what are 
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known as a "base failure." Such failures frequently can not be 
prevented on such clay soils unless a layer of stone, gravel or 
cinders is placed upon the sub-grade before laying the pavement 
or the slab made thicker over such soils. 

In repairing such base failures it will usually be desirable to 
make such repairs with quick hardening concrete as described 
in the next part of this paper. 

D. Repair of Concrete (Portland Cement) Pavements with 

Quick Hardening Concrete Made with Ordinary 

Portland Cement 

1. Importance of Doing Good Work 

Where it is desirable to open the patch to traffic as soon as 
possible after it is made, it is necessary that a concrete be used 
that will attain strength rapidly. Since the patches are usually 
small, and hence small amounts of concrete are wanted at inter- 
mittent periods, there is much greater danger of making a poor 
concrete patch than a new concrete slab in the original con- 
struction, unless great care is taken in doing the work. Inas- 
much as it is desirable to make a stronger concrete and one that 
will attain strength quicker than in a new pavement, it is ex- 
tremely important that we comply with every detail for making 
a good patch, from the preparation of the sub-grade to the finish- 
ing of the surface and protecting it against traffic until suffi- 
ciently strong. Unless the work is so done as to comply with 
all the requirements to make a perfect repair it is far better 
that the repair be made with something else than concrete. 

2. Cutting Away the Old Concrete 

This can be done with picks, chisels, crowbars or jack ham- 
mer drill. The use of a paving breaker operated by a small port- 
able air compressor is the most practical method if any quantity 
of work is to be done. All the broken and disintegrated con- 
crete should be removed and the old slab cut back until soHd, 
rigid, concrete is reached which has on top a smooth and uni- 
form surface. The top edge of the old concrete should be 
trimmed by hand (with the use of hammer and chisel) to a uni- 
form and vertical edge for a depth of about one inch below the 
top surface. The remainder of the vertical edge of the concrete 
should be left as rough as possible. The base of the old con- 
crete should be thoroughly brushed to loosen any spalled con- 
crete. 
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Fig, 1. Cattine away the old concrete with a pavinr breaker operated by portable 

air compreMor. 

3. Preparing the Sub-grade 

The sub-grade ordinarily should be excavated to a greater 
depth than the original slab. At its junction with the old pave- 
ment the new slab shall be increased 4 inches to 6 inches deeper 
than the thickness of the old slab. Also, the new concrete should 
extend back under the edge of the old slab (see Fig. 2). The 
depth of the new concrete should depend upon the nature of the 
subsoil. The old concrete slab has failed for a reason. Quite 
frequently this reason will be found to be the soft clay subsoil. 
Therefore, the thinnest depth of the new slab should usually be 
2 inches to 4 inches deeper than the old pavement. In very bad 
spongy clay soil, not only should the depth of the new slab be 
increased but it is also an added factor of safety to tamp into 
the sub-grade a 3 inch to 4 inch layer of cinders, gravel, or broken 
stone with an outlet to the side ditch, as shown in Figure 2. 




expansion joint should be placed onlij kfhen there /s 
an expons/on joint opposite the patch in the old 
pavement. Should there bp only a ronslrochon 
Joint or cnock opposite the patch no expansion 
joint IS deemed nece^saru in the nei/ concrek patch. 

Fiff. 2. Detailed plans for repair of concrete slab, 
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This will reduce capillary action in the clay and also help drain 
the surrounding sub-grade. 

4. Composition and Proportion of Concrete 

The concrete for the patches usually should be of a better 
grade than that used in good new concrete paving construction 
and it should be a concrete that will attain strength quickly so 
as to accommodate traffic with little delay. If large areas are 
to be replaced economy would usually require a mix no richer 
than the standard mix concrete for paving. If only small areas 
are to be patched wherein the quantity of concrete involved is 
small, the added cost due to using a richer mix would not be so 
important an item. The time that traffic should be kept off the 
patch will determine the mix that should be used. The quick 
hardening concrete will depend for its early strength upon: (1) 
Richness of the mix; (2) freedom from excess water; (3) use of 
CaClg; (4) comparatively high atmospheric temperatures, and 
(5) coarse sand and properly graded sand and coarse aggregate. 
All of the above factors affect the time of hardening of the con- 
crete mix. If we combine the most favorable features of all the 
above factors in one mix, we can make a concrete which assumes 
as much strength in two or three days as the ordinary concrete 
mix used in paving assumes in 21 days. 

Traffic should be kept off the patch the number of days shown 
in Table I (page 59). During cold weather, traffic should be kept 
off the new concrete a longer period than given in the table as 
concrete gains strength slower at low temperature. 

Cement should be tested at the laboratory and a report 
secured so as to know that it passes the required test. It is im- 
perative that the cement is of good quality. Old cement that has 
lain around in a damp place until it has partly caked should not 
be used for this most important work. Some brands of cement 
attain greater strength than others at an early date. It is desir- 
able to use such cement for repair purposes, if it can be con- 
veniently secured. 

Sand should be a comparatively coarse sand, 95 per cent of 
which passes % inch mesh screen. It should be clean and free 
from silt or foreign material. The sand grains should be com- 
posed of hard gritty material and be what is ordinarily known 
as a "sharp" sand. Sand from many local banks, which, though 
graded fairly well, contains a large percentage of soft particles, 
is not desirable as it may produce a concrete which will not 
withstand the abrasion of traffic. Any amount of shale in the 
sand is detrimental to it and may cause failure of the concrete. 
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TABLE I.— SHOWING THE MIX OR PROPORTIONS OP MATERIALS TO USE TO SECURE 
CONCRETE THAT CAN BE OPENED TO TRAFFIC AFTER ANY NXMBER OP DAYS. 
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(5) This "Standard Solution" Is made by dissolving commercial CaCls in water at the rate of 
one (1) pound to enough water to produce one (1) quart of solution. The pure CaCh should nev- 
er be added direct to the drum of the mixer. The "Standard Solution" should be added to the 
water Just before it is put into the drum. See Instructions under Calcium Chloride. 

(6) Standard Slump Test. Fill with concrete a metal form shaped as a frustum of a cone. Form 
should be 12^^ high with a 4^" top diameter and 8* base diameter. Set the form on a level surface 
and as the concrete Is put in the form, tamp lightly with a rod until a slight film of mortar 
appears on the surface. Then remove the form and immediately note the settlement or slump of 
the concrete which is a measure of Its consistency. 
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Coarse Aggregate should be crushed stone or gravel fairly 
well graded from J/$ inch to 2}4 inches in size. If the concrete 
is to be used to fill a crack or very small opening, the maximum 
size of aggregate will have to be reduced accordingly. It is im- 
perative that this coarse aggregate be clean and free from pieces of 
wood, dirt, silt, shale, or any soft particles. Rock of shale forma- 
tion, although apparently hard and sound when first quarried, 
will cause failure of the concrete even though found in com- 
paratively small quantities in the concrete. 

Calcium Chloride will be furnished in 100 lb. bags, which 
must be kept closed as the exposure of the calcium chloride to 
the air will permit it to absorb moisture from the air and become 
liquid. It is quite important that the exact quantity of this 
material be used in each batch. An excess will weaken the con- 
crete and insufficient calcium chloride will not hasten the time 
of setting to prevent the pavement from being injured by traffic 
when opened after the number of days given in the table. The 
calcium chloride must not be added directly to the drum as 
small undissolved particles remaining in the concrete will cause 
the concrete to disintegrate. The calcium chloride shall be added 
in the form of a "Standard Solution" made by thoroughly dis- 
solving one pound of commercial calcium chloride in enough 
water to produce one quart of solution. (This is at the rate of 
about 2y2 quarts of the CaClj to one (1) gallon of water.) This 
"Standard Solution'* should be placed in a keg, jar, or barrel and 
labeled "Standard Solution." Two quarts of the solution for 
each bag of cement should be added to the mixing water just 
before it is put into the drum. 

Water must be pure and free from vegetable acids. The 
amount of water will have to vary so as to make the concrete of 
the proper consistency. In practice this will usually be found 
to vary from 2 to 5 gallons of water per sack of cement. How- 
ever, when all the aggregates are thoroughly saturated with wa- 
ter after a rain it may be found that 2 quarts of "Standard Solu- 
tion" will be sufficient water to make the required consistency. 
It should be remembered that excess water will reduce the 
strength of the concrete and delay the hardening process and 
not only permanently weaken the concrete, but also lengthen the 
time traffic will have to be kept off the patch. In order to secure 
the quick hardening effect, the concrete will have to be a suf- 
ficiently dry mix that it will show no more than the slump given 
in Table I. (See description of slump test in footnote after Table 
I.) Great emphasis should be placed on the importance of guard- 
ing against using too much water. The use of 3 or 4 pints more 
water than is necessary in a one-sack batch will reduce the 
strength of the concrete more than it can be increased by ex- 
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tending the time of mix. Hence, while it is necessary to use 
enough water to make a concrete plastic enough to be worked 
and properly finished, guard against using too much water. 

5. Dampen the Sub-grade and Old Concrete 

The sug-grade and old concrete with which the new concrete 
comes in contact, should be wetted before the new concrete is 
placed. The sub-grade should be damp but not soft or sloppy. 
The edges of the old concrete should be saturated with water. 
It is very imperative, however, that no free water be present 
when the new concrete is applied, as the concrete that is to be 
opened to traffic soon after being placed depends largely for its 
quick strength upon having no excess water. 

6. Mixing Concrete 

Only machine mixed concrete should be used. It is almost 
impossible to get a maximum strength concrete, which is very 
imperative in repair work, if one depends on hand mixing. The 
usual time specified for mixing ordinary concrete in a mixer is 
one minute. However, tests show that the strength of a dry mix 
may be increased as much as 10 per cent by mixing one and one- 
half (Ij^) minutes, instead of one minute and the strength is 
slightly increased by extending the time to five (5) or ten (10) 
minutes. Hence, in repair work and where a small mixer is used, 
which will generally be less efficient than the big paving mixers, 
and where a dry mix is required for a maximum strength and 
quick hardening concrete, the time for mixing might well be 
placed at not less than two (2) minutes. This increased time of 
mixing will also make the finishing easier. 

7. Placing and Finishing Concrete 

Concrete should be shoveled in place and thoroughly tamped 
in layers not exceeding three (3) inches in depth. The secret of 
the early strength of the concrete will largely lie in a compara- 
tively dry mix hammered in place. A 10 pound concrete tamper 
can be used for much of this work. A thin edged tamper having 
a face, say, r'x6'' should be available for tamping in narrow 
openings and along the edge and underneath the old slab. 

The concrete shall be finished with a straight edge and a 
wood float, to a regular and uniform surface to comply with the 
edge of the surface of the old pavement and the side forms. The 
straight edge should be used both transversely and longitudinally 
on the new concrete where the patch is not too long to do so. 
Where a full width of pavement is being replaced for a length 
greater than it is practical to use a straight edge, a templet cut 
to the proper crown of the road should be used. This templet 
can be used both as a cutting edge and tamper to produce a 
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uniform surface. At either end of such a patch or straight edge 
should be laid longitudinally to insure a proper and uniform junc- 
tion of the new concrete with the old pavement. 



Fig, 3. Finishing the concrete patch. Great care most be exercised in this part of the 
work to secure a smooth riding surface. 

8. Completing Patch at End of Day 

Since in making these patches we are dealing with a quick 
hardening concrete, it is desirable that a patch be entirely com- 
pleted before leaving it for any length of time. Due to difficulty 
of shaping up the surface to conform with the old concrete slab 
with a dry mix, a patch should be entirely finished soon after the 
concrete is placed. It is necessary that a patch be entirely com- 
pleted, including the finishing, at the end of a day's work. 

The foreman should so plan his program that he can do 
other work for a fraction of a day if he has not time to entirely 
complete a patch before his workmen will quit work. Where 
large areas are being placed, a form board should be set verti- 
cally at the close of the day's work and the patch, including the 
finishing, completed to same as is done in the proper construction 
of a new pavement. No feather edge junction should be per- 
mitted. Owing to the fact that we are dealing with a quick 
hardening concrete when using calcium chloride, it is necessary 
to do the finishing promptly after the concrete is placed and 
tamped. After the concrete hardens to any extent it is almost 
impossible to make a smooth finish. It is important that the tem- 
plate and straight edge be used on finishing a partially completed 
patch so that the surface of the road will conform with the 
proper crown of the road and the old concrete surface. 
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9. Protecting New Concrete Patch While Curing 

The newly laid concrete should be protected against any and 
all kinds of traffic the number of days specified in the Table on 
page — . It is desirable that extremely heavy trucking be kept 
off the patch longer than this, particularly if the concrete is laid 
in cold weather as the concrete will harden slower in cold 
weather. The new concrete should be covered with six inches 
of earth or a layer of straw or sawdust, which should be kept 
dampened with water. Such covering should be kept on the new 
concrete about 2/3 of the length of the time traffic is required 
to stay off of same. The concrete should be protected against 
freezing the same length of time. 

E. Cost of Concrete Repairs Made of the Quick Hardening 
Concrete Made of Ordinary Portland Cement 

It will naturally cost much more to make concrete in small 
quantities as used in repair work than it will cost to make it in 
large quantities. Also the cost of cutting out the old concrete 
and making the excavation for the patch will be considerable. 
Furthermore, because of the variable conditions encountered with 
the different pavements being repaired, the costs will vary much 
more than in new work. 

The best approximate cost data that we have been able to 
secure this past summer in making patches 9 inches deep of the 
quick hardening concrete made of ordinary Portland cement is 
as follows: 

First Job Per Sq. Yd. 

Cutting out old concrete and making excavations $0.83 

Materials delivered (aggregates, sand, cement, CaCU) 2.70 

Labor (excluding making excavations) 1.44 

Total cost per square yard $4.97 

This cost includes 10 per cent added for equipment charge. 
Second Job. — $3.10 per square yard. No excavation. 
Third Job. — $3.10 per square yard. No excavation. 

F. Aluminate Cement 

A new brand of cement known as Aluminate cement has 
recently been put on the American market. This cement attains 
as large a per cent of its full strength in 24 hours as ordinary 
Portland cement attains in 28 days. For this reason it is very 
suitable for making repairs where quick strength is required. 
However, at the present prices quoted, it will cost more to make 
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concrete from this brand of cement than it will to make quick 
hardening concrete describe above from ordinary Portland ce- 
ment. It is hoped that this brand of cement can be reduced in 
price and that the concrete made from it will not disintegrate 
or lose strength with age. 

G. Blow-ups 

Concrete slabs and brick pavements with grout filler oc- 
casionally rupture due to high compressive stresses caused by 
the combined expansive action of heat and moisture. Such rup- 
tures are usually called "blow-ups" and almost invariably occur 
on a very hot day in the spring of the year when the subgrade 
is still saturated. The wetting of the pavement from above by 
a summer shower which is followed by a hot sun produces a 
maximum condition of expansion which causes the blow-ups to 
take place. 

It is a well-known fact that the better and denser grades of 
concrete are not only stronger to resist the forces due to expan- 
sion, but are also more resistant to absorption and are much less 
liable to be destroyed by temperature and moisture stresses. 

Where such ruptures as described above occur, it is usually 
desirable to remove the injured concrete and replace it with new 
concrete as described under heading "D" above. 

Where a brick surface has blown up it is advisable after the 
base is repaired to replace the brick with bituminous filler to pro- 
vide for future expansion of the pavement and thus aid in pre- 
venting future destruction of the pavement by the same means. 
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COUNTY PATROL ROADS AND THEIR MAINTENANCE 



By S. N. Johnson, 
Clinton County Highway Superintendent. 



There are 54J4 miles of state highways, 840j^ miles of county 
roads, and 56 miles of township roads in Clinton County. Of the 
county roads 81 J^ miles are designated as patrol roads, and the 
balance are divided into 32 districts, each under the supervision 
of an assistant superintendent. 

The 81^ miles of patrol roads constitute a system of nine 
patrol roads each under the supervision of a patrolman appointed 
by the highway superintendent. 

By referring to Acts of 1921 we find in substance the fol- 
lowing : 

"Annually, thirty days before the time for fixing the road re- 
pair levy the highway superintendent shall indicate to his assist- 
ant superintendents which roads shall be maintained by patrol 
methods." 

We have gone a step further, by designating to the board of 
county commissioners and county council which roads we wish 
to patrol, and ask for a special appropriation for these roads. 
These roads are designated and an estimate of cost is filed with 
the county auditor at some time before the August term to be 
acted upon at the September term of commissioners and at the 
annual meeting of the county council. 

The estimate filed at the first and subsequent terms was as 
follows for sixty miles of roads : 

Labor $14,400 

Gravel 11,520 

Culverts and repair of bridges 1,560 

Equipment 1,800 

Miscellaneous expenses 720 

Total $30,000 

In December of each year, patrolmen are appointed whose 
duty it is to reconstruct, maintain and keep these roads in good 
condition at all times. 

While these men work under my direction, the details are 
left largely to their judgment. They do not look upon their work 
as a mere job for so many hours per day, but take pride in try- 
ing to keep their patrol roads in the very best condition possible. 
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This system originated early in the year 1922 when a dele- 
gation living on or near patrol road No. 1 presented a petition 
of some three hundred signatures stating as a claim for patrol 
maintenance that this road was through a part of the county 
in which there were no railroads or traction lines and would con- 
nect the city of Frankfort with state road No. 29, thereby fur- 
nishing an outlet for transportation for this party of the county. 
The board of county commissioners and myself were asked to 
designate this road for patrol maintenance. They were informed 
at this time that there were no appropripations for patrol meth- 
ods, but that we would continue the subject until time for mak- 
ing a special appropriation for this road. Members of this dele- 
gation personally interviewed each member of the board of coun- 
ty commissioners and county council during this interval. 

At this time I conceived the idea of a county patrol system 
for Clinton County and designated six of the heaviest traffic and 
oldest roads of the county, making a total of sixty miles which 
connect most of the towns of the county with Frankfort, the 
county seat. Since patrol No. 1 was sure to be designated I 
selected the other five roads without consulting any of the par- 
ties living on these roads as I thought I had my routes fixed so 
as to accommodate the most people. 

After these roads were established and announced in the 
press, it was reported that the road superintendent would appoint 
policemen to police these particular roads, which was considered 
a joke at that time, but now a necessity in some parts of the 
country. 

Our estimate for these roads covers resurfacing, draining 
and maintaining for a period of three years. 

In March, 1923, we received our equipment and began our 
maintenance by using a maintainer in cutting out the waves and 
high places from the roads and filling the low places. We have 
kept up this maintenance at regular intervals when the roads 
were in condition for such work and the weather would permit. 
Our other maintenance has been in resurfacing with gravel dur- 
ing the season fit for hauling. Other work has been general, 
such as widening grades, repairing bridges, installing culverts 
and drainage. 

Before these roads were designated petitions were filed with 
the board of county commissioners asking them to rebuild these 
roads or parts of them, by letting contracts and selling bonds. 
But these roads are now in such good condition that the persons 
living on or near them are satisfied with the present maintenance 
and are not wantin^^ t^em rebuilt by contract. These petitions 
will not be continued any longer. 
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On patrol roads Nos. 7, 8 and 9 we are ready to begin work, 
and now every town in the county, except one, will be connected 
with the county seat, Frankfort, by a state, hard-surface, or a 
county patrol road or a combination of the three. 

At the time I was appointed to this office the business men 
of the city of Frankfort were not satisfied with the roads leading 
to their city, saying their business was drifting to other towns 
on account of the condition of the roads, but at this time I hear 
no complaint of their condition, and they are highly pleased with 
this system of maintenance. 

After maintaining this system of sixty miles of roads for 
one year, they broke through in just two places in the spring. 
These places were soon repaired, as we keep stock piles of gravel 
at convenient places along these roads. Heretofore, these same 
roads were always impassable in a number of places in the spring 
and continued so for some time. 

The following table gives you some idea of the amount of 
labor on these patrol roads and the cost of the same : 

Items 1923 1924 

Resurfaced 24.1 Miles 26.5 Miles 

Graded or dragged 2,347 Miles 2,245 Miles 

Gravel placed on surface.... 10,817 Cu. Yds. 10,314 Cu. Yds. 

Labor cost 12,313.29 11,123.62 

Gravel cost 7,467.08 7,525.16 

Total cost $21,786.59 $20,687.88 

Clinton County has a valuation of $67,000,000 and the rate 
for the repair of roads is fifteen cents on the $100.00. 
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CONTRACTORS' PROBLEMS 



By W. M. Holland, 

Executive Secretary, Indiana Association of Highway 

and Municipal Contractors. 



This occasion, when linked with the subject assigned, affords 
me an excellent opportunity to acquaint public officials and some 
of our state educators with the contractors' viewpoint of the con- 
struction industry, the second largest industry in America, ranked 
only after agriculture. I shall not burden you with a detailed 
statement of the contractors' problems, for they are many and 
N^aried, but rather I shall confine myself to a review of problems 
which appear to me to be paramount with Indiana contractors in 
general. 

The responsibility of the contractor as gaged by the surety 
bond, the present cumbersome method of appeal to the Indiana 
State Tax Commission on proposed bond issues, and the evils of 
day labor or force account work, are vitally important subjects, 
and are of such nature as to warrant our joint consideration. 

With the advent of large road building programs in this 
country there came gradually and quite naturally a correspond- 
ing increase in public lettings and an equal, if not proportionately 
greater, increase in the number of contractors desirous of doing 
public contract work. Consequently the contractor is today 
engaged in a highly competitive business — competitive, gentle- 
men, without the slightest degree of regulation. The bidders' 
field is a melting pot. The experienced, the responsible, the well- 
equipped contractor is competing with the inexperienced, the 
irresponsible and the ill-equipped contractor without any re- 
course whatever. Unfortunately public officials in general sel- 
dom have the privilege, without statutory restraint, of selecting 
a contractor from among competitive bidders, even though pre- 
vious defaults on the part of irresponsible contractors and de- 
lays experienced by public officials through such defaults, create 
a decided preference for a contractor of skill, integrity and re- 
sponsibility. "The lowest responsible bidder" is the statutory 
restraint, and, although some of our courts have liberally con- 
strued this phrase, the prevailing idea among officials, taxpayers 
and others is that the lowest responsible bidder is the one who 
submits the lowest bid and can provide a bond. "And can pro- 
vide a bond" brings us to a consideration of the surety compa- 
nies and their attitude toward this most important problem. 
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At the fifth annual meeting of the Associated General Con- 
tractors of America in Chicago, January 24, 1924, the relation 
of surety companies to the construction industry was discussed 
at length, and the following resolution adopted : 

"WHEREAS, Bond agents are writing bonds for contractors, 
who are obviously incapable of performing their contracts, or who 
have obviously demonstrated that they can not be relied upon to 
carry out their obligations in good faith; and 

WHEREAS, The bonding of these irresponsible contractors gives 
them an unwarranted credit rating, and in the eyes of the public, 
stamps them as responsible bidders; and 

WHEREAS, Once this false stamp of responsibility is given by 
the bonding company to an irresponsible bidder, the engineer or 
architect is often obliged by a misguided public opinion to award him 
the contract; and 

WHEREAS, The ease with which the surety bond may be 
obtained by almost any agency designating itself as a general con- 
tractor, enables innumerable persons to embark upon extensive con- 
struction projects which they can not carry through to successful 
completion. 

WHEREAS, Numerous defaults of these irresponsible companies 
who can obtain surety bond bring public censure upon the engineer, 
dissipate engineering funds, produce an inferior quality of workman- 
ship and keep public construction in a demoralized condition; and 

WHEREAS, These numerous defaults have greatly increased 
the rate of bond premiums, thereby adding to the cost of construction 
paid by the public; and 

WHEREAS, Operations of these injudiciously bonded bidders 
react injuriously upon these contractors who faithfully perform their 
obligations, create suspicion and distrust of all contractors and retard 
the development of companies that are willing and able to render 
satisfactory construction service; and 

WHEREAS. The bonding of bidders unqualified by either ex- 
perience, personal integrity, or financial soundness, to assume their 
contracts is preventing the development of constructive service, and 
the adoption of ethical practices which are essential to the establish- 
ment of construction as an orderly industry; therefore, be it 

RESOLVED, That the Associated General Contractors join with 
the American Association of Highway Officials and representatives 
of the surety companies for a complete and impartial analysis of the 
bonding situation, seeking to find a proper solution for the issues con- 
fronting both the bonding companies and contractors." 

Subsequent to the adoption of this resolution and during the 
year of 1924 several joint conferences were held under the aus- 
pices of the Associated General Contractors of America with 
the Surety Association of America, American Highway Officials' 
Association and others. The sole and only purpose of these con- 
ferences was to find a solution for the present evils in the writing 
of contract bonds, and in spite of the fact that the evils of present 
practices were openly aired and frankly admitted, the solution 
has not yet been established. At one of these joint conferences 
the latter part of 1924, a rather significant committee report was 
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made; especially significant when we consider that the commit- 
tee was representative of the industr>'. Its chairman was presi- 
dent of one of the leading surety companies, and its membership 
was made up of the vice-president and the general manager of 
the Associated General Contractors of America, and the chief 
engineer of the Pennsylvania State Highway Department. The 
report in part follows: 

"At the outset, this Committee desires to emphasize the fact that 
in a real and vital sense the interests of the contractors, the surety 
companies, and the owners who are having work done are identical. 
When a surety company writes a bond for a contractor, the surety 
company and the contractor become in effect partners. If there is 
a default, the owner suffers delay and other consequential losses not 
covered by the bond. The contractors, the surety companies, and the 
owners are therefore interested in the establishment of conditions 
under which defaults are least likely to occur. A default means loss 
for all three parties concerned. 

"This Committee desires further to emphasize the fact that at 
present conditions are not satisfactory. Practically any contractor, 
whatever his financial standing-, whatever his experience or lack of 
experience, whatever his equipment, sufficient or insufficient, what- 
ever the relation of his liquid assets to the amount of work he has on 
hand, whatever the extent to which he has become over-extended, 
can obtain a bond. Some surety company will execute a bond for 
him, and he goes from one company to another till he gets what he 
wants. The irresponsible contractor can usually find some company 
to go surety for him. This is the result of competition." 

It was said not long ago by a prominent surety official that 
there are today $45,000,000 worth of contracts — highway con- 
tracts — in default in five states. A condition of this kind has a 
demoralizing eflFect on the industry, to say the least, and benefits 
to the public, however great, can be only transitory, whether the 
condition obtains here or elsewhere, since the condition itself is 
decidedly unsound. 

At a recent meeting of the National Research Council in 
Washington, D. C, Mr. Frank Page, chairman of the North 
Carolina State Highway Commission, reviewed the conditions 
to which he attributed North Carolina defaults (and there were 
many). In conclusion he said: 

"All losses by defaults and urifinished contracts, whether made 
good by bond or not, are eventually paid by the State in its continued 
highway program. These losses are reflected in the higher prices of 
responsible contractors. It is therefore necessary for the highway 
officials to reduce their losses. I am therefore contemplating a plan 
of careful investigation of all bidders by our own department before 
the contracts are awarded, and the cessation of replying on surety 
bonds to protect us after the contract has been awarded." 

The time must come when a bonding company knows and 
can prove that its bond is a guarantee of the skill, integrity and 
responsibility of the assured, and the public will learn then that 



Digitized by VjOOQIC 



ELEVENTH ANNUAL ROAD SCHOOL 71 

a bond accomplishes its object without quibble and subterfuge, 
which it does not do under present-day practices. 

Appeal to Indiana State Tax Commission 

The present cumbersome method of appeal to the Indiana 
State Tax Commission on proposed bond issues inflicts a hard- 
ship on the contractor over which he has absolutely no control. 
The Indiana State Tax Law as amended in 1921 and 1923 gives 
the Indiana State Tax Commission jurisdiction over county and 
township bond issues. Under the provisions of the law as 
amended, notice of determination to issue bonds is given by the 
county commissioners subsequent to the award of a contract 
under the three-mile road law and the county unit road law, 
and within twenty-nine days from date of such notice, ten ob- 
jecting taxpayers may file with the county audtor an objectin^T 
petition, it being mandatory on the county commissioners and 
the county auditor to submit such petition to the Indiana State 
Tax Commission for a review of the proposed bond issue and 
the commission's approval or disapproval of same. 

As a result of this method of appeal to the Indiana State Tax 
Commission, the contractor is frequently without work for a 
period of from three to five months, and often when the work 
is advertised in the spring of the year, the greater part of the 
construction season has passed before the decision of the Indiana 
State Tax Commission has been made and, consequently, the 
contractor, with his equipment appropriated for a given project, 
is deprived of utilizing that season of the year most suitable to 
rapid progress and resultant profit. 

The method of appeal likewise is unnecessarily costly to the 
taxpayer in that all engineering and legal work required by law 
is done, at the expense of the taxpayer, prior to the time notice 
is given of determination to issue bonds, and the project still 
remains subject to abandonment on disapproval of the Indiana 
State Tax Commission, if such be the commission's decision, and, 
furthermore, a delay resulting from such appeal deprives the tax- 
payer, not infrequently, from the use of an improved road, which 
in the absence of an appeal would under normal conditions be 
built in the same year of contract award. 

To avoid unnecessary delay and in the interest of the tax- 
payer, as well as the contractor, we advocate a correction of the 
present method of appeal so as to have the proposed project ap- 
pealed to the Indiana State Tax Commission, if the required 
number of taxpayers desire an appeal, before the work is adver- 
tised and on the engineer's estimate rather than after contract 
is awarded and on the proposed bond issue. 
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Technical complications may arise in our effort to correct 
the present method of appeal, but with the co operation of the 
Indiana State Tax Commission (of which we have been assured) 
and others who are similarly interested in such correction, such 
complications will be met, and the correction so made as to con- 
form to the law and to permit the Indiana State Tax Commission 
to handle such appeals with the least possible delay and, conse- 
quently, in the interest of the state at large. 

The paramount advantage to the contractor in such cor- 
rection in the method of appeal will be found in the fact that if 
such appeal be taken in advance of advertising the project, the 
present delay and doubt as to the contract being awarded will 
have been eliminated, and the successful contractor will be in a 
position to commence work immediately upon the sale of bonds, 
or as soon thereafter as may be deemed advisable. 

Day Labor or Force Account Work 

The evil of day labor or force account work is apparent to 
those who have been closely identified with public contract work, 
and, while Indiana has been comparatively free of such evil, it 
has been prevalent in many other states, and invariably has a 
tendency to demoralize the construction industry. I shall again 
call upon the Associated General Contractors of America to 
show the attitude of that organization toward day labor, as em- 
bodied in a resolution, adopted at their fifth annual meeting. 

"WHEREAS, There is manifest throughout the country a ten- 
dency among public officials to do public construction by the Day 
Labor Method, and 

WHEREAS, This method of expending public funds is generally 
recognized as being economically unsound as a general practice, in 
that it provides no foundation of responsibility and oflFers no assur- 
ance that such work will be of proper quality and performed for the 
amount of money voted or appropriated therefor, and 

WHEREAS, Our construction industry is full of notorious in- 
stances of the excessive cost of this construction method, and its en- 
couragement to inefficiency, incompetence and sinister political in- 
fluence, and of a strong tendency towards socialism; and 

WHEREAS, The constructors are especially fitted to interpret 
to the public this menace, and also lay upon us the responsibility of 
so doing; now therefore, be it 

RESOLVED, That the Associated General Contractors urge its 
membership throughout the country to accept as a major duty a cam- 
paign of publicity to show the results of the Day Labor method of 
doing public construction and to enter upon a vigorous and per- 
sistent eflFort to secure legislation which will require public bodies 
to do public construction by the sound method of firm contracts 
guaranteeing completion at a fixed price." 

This resolution is self-explanatory and states in no indefinite 
terms the attitude of the construction industry toward day labor 
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or force account work. I feel constrained, however, to state 
that contractors as such have no right to demand that the work 
be done by contract rather than by day labor. The contractor's 
major argument, and it is a sound one, is that in the great ma- 
jority of cases he can save money for the public. This viewpoint 
is well stated in the following editorial which appeared in the 
Engineering News Record issue of January 1, 1925: 

"Contractors have no inalienable right to the construction work 
of the world. It has seemed often in the fractious discussions of day- 
labor construction which are currently being printed as if this truth 
were being forgotten — as if it were assumed that because the con- 
tractor is in the construction business he has sublime right to such 
construction as is being done. On sober thought no contractor 
believes this. If any contractor does believe it he is wrong because it 
is not so. If he talks as if he believes it he is foolish. The building 
public doesn't believe it and won't believe it. It believes that the 
contractor has a right only to that work which he can do as well as 
any other agency at less trouble and cost to the employer. And why 
should contractors want any greater consideration than this? They 
can save the owner from a multitude of worries and uncertainties 
inseparable from day-labor operations. They can do the work as 
well and in the vast majority of instances they can do it at less cost. 
There is much accumulated evidence in proof of all these facts and 
yet they have not been assembled anew in perhaps ten years. This 
should be done. A well presented brief is badly needed by contractors 
who have every so often to battle the hydra of force account con- 
struction of public works." 

These then are some of the problems with which the con- 
tractor is confronted. As an association, we stand for a solution 
of these problems in the best interest of the public, for no other 
solution would be permanent or lasting. As agents of the public 
engaged in public work, contractors must keep in mind at all 
times the interest of the public. The Associated General Con- 
tractors of America is an organization representative of the na- 
tion's contractors and has for its motto, "Skill, integrity and re- 
sponsbility." The Indiana Association of Highway and Mu- 
nicipal Contractors is a state organization whose objects are on 
an equally high plane and, therefore, equally commendable. The 
betterment of conditions in the construction industry character- 
izes our work, and we, therefore, feel that the whole scheme of 
organization effort, from the largest to the smallest unit, may 
ht aptly summarized in stating that the contractors through or- 
ganization advocate skill, integrity and responsibility in the con- 
struction of the nation's public work. 
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SOME POINTERS FOR PUBLIC OFFICIALS HANDLING 
HIGHWAY WORK 



By Lawrence F. Orr, 
State Examiner, Indiana State Board of Accounts. 



The results obtained by those who have services to perform 
for the public in the construction and maintenance of pubHc 
highways are more directly observable by the taxpayers than any 
other public service. Those of you who have such duties to 
perform have an opportunity of producing something that will 
be well appreciated by the taxpayers, if you devote your energies 
and ability toward getting the best results with the money ap- 
propriated for that purpose. 

It can not and will not be expected of you to go beyond 
the limits by which you are bound. If you contract beyond 
your means then you will be criticised for so doing, although 
you may attain good results thereby. You should keep within 
the appropriations provided and not attempt to exceed your 
authority although it may appear expedient to do so. Your 
limits have been prescribed both by statute and by those who 
have the authority to determine the means allotted for the work 
you have to do. Do not permit those who are to build or con- 
tract under your jurisdiction to deviate from the plans and 
specifications governing the work in hand. Our engineer ex- 
aminers complain that they frequently find that plans and 
specifications are not carefully drawn and consequently contain 
some items which are in conflict. The engineer in preparing 
plans, profiles, and specifications, should exercise extreme care 
and see to it that such specifications provide exactly what is 
desired for that particular project. Local conditions will be en- 
countered on most any road construction, requiring special treat- 
ment. The policy of taking a set of general specifications and 
setting them up to govern all of your road projects is a danger- 
ous proceeding and will very likely lead to the making of 
changes after the contract has been awarded and the work 
started. The Supreme Court has ruled that all specifications 
must be sufficiently plain to describe thoroughly the work to be 
performed. If this is not done the whole project may be set 
aside as an illegal proceeding. A great deal of controversy will 
be avoided by detailing the work with sufficient clearness to 
admit of no misinterpretation before the contract is let. 

Duties of Commissioners, Inspector and Engineer 

It is the duty of the Commissioners to go over the plans, 
profiles and specifications with the engineer before advertising 
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the work and eliminate all questionable or debatable items. All 
bidders should be compelled to bid exactly the same kind, quality 
and quantity of work and material. The legality of substantial 
changes made after the letting of a contract is seriously ques- 
tioned, and in most cases will lead to trouble for both the com- 
missioners and the contractor. Court rulings set out in no un- 
certain language that unless the work is done in substantial com- 
pliance with the plans and specifications, it is not a fulfillment 
of the contract, even though the work as performed is better and 
more costly than that which is specified. Specify what you want 
and then see that you get it. 

The inspector or superintendent appointed by the Board 
of Commissioners to supervise the construction of a new road 
should be a man of intelligence and experience. His position is 
one of considerable responsibility. Frequently he must decide 
without delay upon a question of the intent of the specifications 
and he should be qualified to act with firmness and fairness. It 
is a mistake to clothe an irresponsible man with the authority 
that goes with this position. 

The engineer should give close attention to the road under 
construction as the proper performance of the contract rests 
very largely on him. He should allow the contractor no estimate 
for work in place until he has satisfied himself that the work 
and material are actually on the job and that they are the kind 
specified. The commissioners should also satisfy themselves 
that they are not making an allowance in excess of the proper 
amount, and under the provisions of the statutes enough should 
be retained to take care of any labor and material claims which 
may be filed against the contractor. A construction bond should 
be drawn in such a manner that it will protect the county against 
defects in the road during the guaranteed period. 

If it should be found to be absolutely necessary to depart 
from the original plans and specifications or make some changes 
after work has been started, the same should be set out in detail 
on the record book of the commissioners and written authority 
approved by the engineer should be given the contractor. Ad- 
ditions or deductions must be agreed upon between the board 
and the contractor before same are authorized and same should 
be made a matter of record. The records concerning the con- 
struction of a new road must be made full and complete because 
if our examiners are called upon to make an examination of the 
road, they must necessarily go into every detail and report con- 
ditions just as they find them. If the records are incomplete the 
examination may lead to a situation embarrassing to those 
responsible for the omissions. 
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Limitations of State Board of Accounts 

The State Board of Accounts is authorized to make examina- 
tions and investigations of contracts for public work under the 
provisions of the Acts of 1923. Before such examinations may 
be made, a petition therefore must be filed with the State Ex- 
aminer, alleging that the contractor has failed to comply with 
the plans and specifications and that local relief has not and 
can not be obtained. The petition must be signed by at least 
twenty-five taxpayers who are directly interested in the im- 
provement named. 

Neither the State Examiner, Deputy Examiners, nor the 
Field Examiners are given any authority whatever to supervise 
the construction of such work or to prepare plans and specifica- 
tions therefor. We are sometimes called upon to do this kind 
of work, but we must necessarily refuse, for reasons stated and 
further for the reason that as an examining department, we 
would be in an embarrassing position were we called upon to 
examine our own work. 

Financing Highway Construction 

In the matter of highway construction, I desire at this 
point to oflFer some information as to the provisions of the 
statutes pertaining to certain financial phases of such construc- 
tion. 

In the matter of advancing from county fund per diem of 
engineer and his assistants — if the improvement is under the 
County Unit Road Law, there would be no need of refund to 
be made to county revenue in case bonds do not sell, as the 
expense pertains to the whole county as a unit. 

If the bonds do not sell for three mile gravel road law con- 
struction, and moneys have been advanced, same should be re- 
paid to county revenue from the proceeds of a tax levy against 
the township or townships wherein the improvement was peti- 
tioned for. 

In case of highway improvement under the inspection of 
the State Highway Commission, no claim can be legally allowed 
except with the approval of the inspector representing said com- 
mission. 

County Commissioners are entitled to reinbursement for 
their actual expenses in and about the construction of highways 
under the County Unit Road Law and Three Mile Gravel Road 
Law, but they are not entitled to payment for services in con- 
nection therewith. 

The surplus in the several gravel road bond funds in the 
township shall be transferred to a "general gravel road by taxa- 
tion fund,'' which fund shall be used to liquidate the indebtedness 
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of any free gravel road in such township for which the bond issue 
may have been insufficient. If a surplus still remains in the fund, 
such surplus should be applied to the payment of the gravel road 
bonds of the township. 

Bonds shall be sold in sufficient amount to pay all prelimin- 
ary expenses and costs of construction, including the per diem 
of engineer and superintendent of construction. 

The County Unit Road Law provides that the bond issue 
shall provide for a sufficient sum in addition to other expenses 
to pay for any extras or changes not contemplated in the original 
plans, specifications and contract, which the board shall deem 
necessary, not to exceed three per cent of the contract price. 

No part of the bond redemption fund can be used to pay a 
deficiency in the construction fund. 

There are many other points that could be brought out in 
relation to road construction work, but I feel that I should 
proceed now with matters pertaining to highway repairs and 
maintenance. 

Laws Pertaining to Highway Financing and Accounting 

There are many statutes relating to maintenance and repair 
of highway. At this point, however, I wish to explain some of 
the essential provisions of the law in so far as they pertain to 
financial and accounting provisions. 

The proceeds of the gasoline tax distribution to counties 
under the provisions of the statutes : 

"Shalf constitute a special fund for construction, 
maintenance or repair of any public highway in the 
county." 

The statute is clear in the providing for a "special fund" and 
therefore, the proceeds of such tax should be so carried and not 
placed in the free gravel road repair fund. 

The gravel road repair fund can only be used for repair of 
free gravel roads while the special fund from the gasoline tax 
distribution may be used either for repair maintenance or con- 
struction. 

No debts may be created against the gravel road repair fund 
except the money is on hand, or the debts be contracted against 
an existing levy in anticipation of its collection. Incurring of 
overdrafts in the gravel road repair fund as well as in any other 
fund, is illegal. 

Claims against the gravel road repair fund must have the 
approval of the highway superintendent before the Board of 
County Commissioners may allow such claims. 
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Publication of allowances on reports filed by assistant su- 
perintendents should show the total amounts paid to each laborer 
therein named. 

Claims of material firms should be filed directly with the 
auditor, and allowed to the claimant and not to the assistant 
superintendent. 

Any repairs made by the County Highway Superintendent 
upon a road, must be paid for from the gravel road repair fund, 
if the road has been taken over by the County Commissioners. 

Receipts for payments made by assistant superintendents 
must be filed with the county auditor, to show that payments 
have been properly distributed by the assistant superintendent. 

Aside from the requirements of the statutes which I have 
summarized herein there are many other ideas which are 
prompted by a desire to attain the best results from an econ- 
omical and businesslike administration of your various offices. 
For example, it is very important in road work to determine 
the actual cost of placing material on roads and keep this data 
on file for reference. If this were done, I believe many instances 
would be found in which the cost, if known beforehand, would 
be considered prohibitive. Statistical data of this kind would 
be of great value in determining the cost of work to be done and 
in arranging appropriations and fixing levys. You should keep 
your material and labor costs on each project in such a way that 
they will be serviceable in estimating future work. 

Our department is also recommending that all officials w^ho 
have charge of any public property should keep a complete in- 
ventory of same. The total expense of county government w hen 
considered merely as an expense, oftentimes seems large, but if 
some thing tangible can be shown for such expenditures, or a 
part of it, in the way of machinery, equipment, tools, supplies 
on hand and buildings and land purchased we will then have 
something to show for the money so expended. 

The keeping of such an inventory we regard as good busi- 
ness, and we regret to state that such a method has not been 
pursued to any extent in the state. The Department of Con- 
servation, where a complete inventory is kept, is the one excep- 
tion and most surprising results are evident. 

In conclusion, I want to say just a few words concerning 
the State Board of Accounts. Some erroneous impressions have 
gone abroad concerning the activities of this department, some 
of which are not only erroneous but unfair. Like yourselves, we 
who have the administering of the Public Accounting Law are 
governed by statute, and we do not go any further in our ex- 
aminations than the law requires of us. Sometimes our ex- 
aminers are compelled to report things which some people do 
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not like. This is not a pleasure to the examiners, but the statutes 
place responsibilities upon us which we must meet, and we do 
meet them fairly and squarely. Regardless of the consequences, 
our reports must speak the truth and show the facts as they 
are found to exist. 

The law places the same authority with the department as 
to examinations of state offices and departments that it does in 
the examination of county, township and other public offices. 

An office or department in the State House is not entitled 
to any more privileges in an examination of its accounts and 
afFairs than the smallest town or township in the state. 

Our examinations will be made without fear or favor and 
we will carry out our duties as provided by law. 

During my administration as State Examiner T have en- 
deavored to make the department helpful to all public officials 
and I invite you to send your problems and questions to me. 
We extend to you our services in the spirit of co-operation and 
assistance to the end that we may all serve to the best of our 
abilities in the interest of efficient, economical and honest govern- 
ment. 



THE RESURFACING OF BADLY WORN CITY 
PAVEMENTS 



By R. H. Simpson, Chief Engineer, 

Dept. of Public Service, Division of Engineering and 

Construction, Columbus, Ohio. 



The resurfacing of badly worn city pavements is a subject 
that is receiving considerable attention at the present time. The 
large increase in motor traffic has brought about a demand for 
smooth roadways, and many cities are attempting to transform 
their old pavements into boulevards by the use of some type of 
bituminous surface. Most of our highway engineers have also 
recognized the economy of salvaging whatever value there is 
in their old roads, and are resurfacing gravel and macadam roads 
with asphalt or other bituminous material. The increase in the 
construction of this type of pavement is no doubt due to the fact 
that the financing of a paving program, in most communities, 
is becoming a serious problem, and any saving that can be made 
in construction cost, which does not lower the value of the ser- 
vice rendered by a pavement, is certainly justified. In some 
cities this work is being done by the application of a thin layer 
of asphalt, having a thickness of one-half or three-quarters of an 
inch, and frequently this is feathered out to zero at the curb and 
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at the rail of a street railway track. Such construction is no 
doubt justified as a temporary measure, but in this discussion I 
will ask you to keep in mind that resurfacing means the laying 
of a high type of asphalt surface on an old pavement, the latter 
being considered as a foundation for the new surface. 

Through the co-operative efforts of all agencies engaged in 
the work, the science of road building has made greater strides 
during the past quarter century than for many centuries past. 
The industry is growing at a tremendous rate. We are now 
spending a billion dollars a year on roads and pavements. We. 
as engineers, have been so busy planning and supervising the 
construction of this vast volume of work, that I wonder whether 
we have taken enough time to investigate the work done, in the 
past, with the idea of utilizing in our present day practice, the 
experience gained from past performance. 

Many cities in the United States have pavements that have 
been in service for a quarter of a century, or more, and it seems 
to me that if these pavements were studied with some care we 
would be able to draw some conclusions that would help, mate- 
rially, in the design and construction of roads and pavements. I 
am not unmindful of the fact that many city pavements con- 
structed in the past have illustrated how not to build rather than 
how to build, so we can learn from our failures as well as from 
our successes. 

City pavements have not only been subected to traffic but 
to the heat and rain of many summers and the snow and ice of 
many winters, and it is the action of traffic combined with these 
destructive agencies that more often show up the defects in pave- 
ments or cause failures in them than the traffic alone. While 
many of our old city pavements were designed for traffic condi- 
tions as they existed twenty-five or thirty years ao^o, it is a re- 
markable fact that some of them are in good condition today and 
clre carrying a traffic never dreamed of at the time they were 
built. From the experience gained during the past half century, 
municipal engineers have generally recognized the three funda- 
mental requirements of a properly constructed high class pave- 
ment to be: 

1st. A stable, well drained sub-base. 

2nd. A firm foundation, strong enough to carry the loads 
to which it will be subected. 

3rd. A smooth w^earing surface to withstand the abrasion 
of traffic and protect the base and sub-base from the action of 
the elements. 

It is pretty well recognized that the sub-base and foundation 
of a street or road should be constructed in such a wav as to be 
a permanent investment but that the wearing surface of necessity 



Digitized by VjOOQIC 



ELEVENTH ANNUAL ROAD SCHOOL 8i 

must be repaired from time to time, and may, ultimately, have 
to be entirely renewed. 

In the resurfacing which I will describe to you these funda- 
mentals were kept in mind, as resurfacing in Columbus has only 
been attempted when the condition of the old pavement fulfilled 
the requirements for base and sub-base. 

Methods Used in Columbus 

We now proceed to describe the methods used in resurfac- 
ing old pavements in Columbus, Ohio ; to tell you under what 
conditions resurfacing as a permanent improvement is justified ; 
to give you the results obtained in terms of the cost of main- 
tenance, and finally to compare these maintenance costs with 
that of the ordinary construction of high grade pavements using 
a concrete base. 

There are four types of old pavements that have been re- 
surfaced in Columbus, namely, brick, boulders, stone block and 
macadam. Of 195,110 square yards of this type of construction 
about 72 per cent of the work has been on brick, about 20 per 
cent on bouMers and 8 per cent on macadam and stone block. 
In general it may be said that the results from stone block and 
brick have been uniformly successful and that in the case of the 
boulder pavements the results have been generally successful. 
The resurfacing^ over macadam has been of such recent date, the 
oldest pavement having been laid in 1922, that no general con- 
clusion as to the merits of this work can, as yet, be stated. 

The oldest paved roadway in the city of Columbus is Bryden 
Road, from Parsons Avenue to Twenty-second Street. It is a 
street with a forty foot roadway, and carries a lars:e volume of 
traffic, from ei^^ht thousand to ten thousand vehicles daily. It 
is a sheet asphalt pavement laid in 1888 over boulders, and is, 
therefore, 36 years old. We have no record as to when the 
orie:ir»al boulder pavement was laid, l)Ut it consisted of a founda- 
tion of about eight or ten inches of crushed stone, the boulders 
beine imbedded in sand on top of this base. At the time the 
asphalt resurface was placed on this roadway it was thought 
necessary to coat the boulders with a bituminous material so 
that the asphalt would adhere better to the surface. Therefore, 
cold tar pitch was sprinkled over the boulders before laying the 
asphalt. The asphalt was then laid without any binder, in the 
same manner as sheet asphalt is laid at the present time, it 
beinof dumped on the roadway and shoveled to place and raked 
to the proper thickness and then rolled. Two or three years 
later several other streets were laid in a similar manner, and, 
with one or two exceptions, the pavements are smooth and giving 
excellent service today. In 1912 another old pavement of this 
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type was resurfaced, but in this case a binder course was used 
and the pavement laid in the same manner as a sheet asphalt 
paving. One of the streets resurfaced over boulders in 1891 is on 
our program for reconstruction this year. The sub-base con- 
ditions on this street are not first class and the construction of 
a sewer, some years ago, added to the sub-base defects. Another 
pavement laid the same year has shown rather high maintenance, 
due, partially, to frost action. The pavement on Bryden Road, 
however, is in very good condition today as may be observed 
by Fig. 1. 



Fiff. 1. Bryden Road, a boalder pavement, reaarfaced with asphalt in 1888. 

Resurfacing Old Brick Pavements 

The resurfacing over old brick pavements has been done in 
more recent years, and we have definite information as to the 
details of the work and the construction method. Practically 
all of these old brick pavements were originally constructed be- 
tween the years 1888 and 1892. They were laid on a macadam 
base, averaging about ten inches in thickness, which consisted of 
crushed limestone, such as is available in Central Ohio, and 
water-bound with crushed stone screenings. After rolling, a two- 
inch cushion of sand was spread over this surface, on which the 
brick were laid and the joints filled, in most cases, with cold tar 
pitch. These old pavements have given good service, although 
there has been considerable repairs made on most of them and 
all had, for some years preceding resurfacing, a rough surface 
which did not meet the requirements of motor traflic. 

All of the resurfacing over brick has been done only after a 
careful investigation of the sub-grade conditions, as evidenced 
by the condition of the paving and the curbing. In some cases 
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where there was some question about the condition of the found- 
ation, or the sub-base, actual excavation was made to determine, 
definitely, these conditions. If it was found that the curbing had 
become displaced by frost action, or that the brick in the sur- 
face had, in places, become displaced, from a similar or other 
cause, we would naturally conclude that there was an unsatisfac- 
tory sub-base condition or a weakness in the foundation, or both, 
which, if extended over a considerable area of the improvement, 
would make resurfacing impracticable. The best time to dis- 
cover a weakness in a pavement is in the spring when the frost 
is coming out of the ground, and it has been our practice, for 
some years past, to observe our old pavements at this season, so 
that we may know of any weakness in sub-surface conditions 
which would make resurfacing unjustifiable. We have, in Colum- 
bus, some brick pavements laid on macadam bases, in which 
ground water comes to the surface in the spring, and it is not 
unusual to see sections of these pavements utterly destroyed by 
traffic, at such time, the brick being actually thrown out of posi- 
tion or asphalt disintegrated and* broken up by the traffic. Clear- 
ly, it would be a waste of money to attempt resurfacing under 
such conditions. 

Rules Governing Resurfacing 

In general it may be said that any pavement that has re- 
tained its general shape and contour for a period of ten or twelve 
years shows evidence of a satisfactory sub-base and foundation 
and that such a pavement may be resurfaced with a reasonable 
expectation of securing satisfactory results. 

In preparing plans for resurfacing of any pavement it has 
been our practice to take cross sections of same at frequent inter- 
vals, which are platted on cross section paper to any convenient 
scale. From these sections a new crown for the proposed surface 
is worked out which gives the required minimum thickness 
desired for the new surface, or lyi inch binder, lyi inch top. 
On account of the worn condition of the old pavement, these 
sections will usually disclose the fact that at certain points the 
old surface must be built un to form a satisfactory crown, and 
where this condition is such as to require a thickness of three 
or four inches of binder, it has been our practice to place the 
binder in two operations ; that is the low sections of the street 
are first brought up, with binder, to a crown three inches below 
that desired for the finished work, and then the surface put on 
in the usual manner. 

If the depth of the gutter in the old pavement cannot be 
reduced, safely, it has been our practice to take up a strip of the 
paving four or five feet in width, and either lay a concrete founda- 
tion at a lower grade, over which the asphalt surface may be laid, 
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or to lay a brick gutter that will give the proper depth at the curb- 
ing and a shoulder three inches deep against which to lay the 
asphalt. In this connection I might say that in sections of the 
city where there is considerable parking of automobiles, it is our 
practice, both in resurfacing and in the construction of new 
asphalt pavements, to lay a six foot strip of brick or granite block 
paving next to the curb, as a parking strip for automobiles. Fig. 
2 shows a brick surface prepared to receive the asphalt top. 



Fig. 2. An old brick pavement prepared to receive the asphalt top. 

An extremely important feature in connection with resur- 
facing is the laying of drain tile along the curb on each side, and 
at other points if necessary, in order to insure a properly drained 
sub-base. We have used drain tile on all of our street construc- 
tion in the past twenty-five years, and in resurfacing, w'here tile 
was not used, originally, we lay a four inch farm tile twenty- 
four inches below the surface of the paving, just in front of the 
curb line, with outlet at catch basins or sewer manhole. 

In many cases w^e have found it desirable to reset and recut 
the curbing in connection with resurfacing, practically all of the 
curbing used in Columbus being Ohio sandstone. This is not 
absolutely necessary unless it has been forced out of position by 
frost action, but it improves the appearance of the improvement 
and the cost is only a small percentage of the total. Fig. 3 shows 
a typical section of this construction. 

Detailed Resurfacing Operations 

Our contracts for this kind of work are all let on a unit 
price basis, that is a square yard price for the surface, w^hich in- 
cludes lJ/2 inch binder and lyi inch top, and a cubic yard price 
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Fiff. 3. Showing carb alteration necessitated by re-surfacincr. 

for additional binder. The first step in the construction of such 
an improvement is to excavate for the strip along the curb, lay 
the drain tile, reset the curb, if necessary, and lay the foundation 
strip along the curb, including the brick surface, if brick is used. 
The old pavement is then thoroughly cleaned with the use of 
water from a fire hose and men follow along behind with push 
brooms, sw^eeping the surface thoroughly to insure the removal 
of all dirt and foreign substances from the surface of the brick 
and the joints. After the pavement is thoroughly cleaned and 
dry, it is then ready for an application of the extra binder to 
bring the surface to the proper crown. When this is done the 
regular binder course, and the top course is laid in the same 
manner as the laying of a regular sheet of asphalt surface. 



Fig. 4. Relaid brick at street intersection to provide shoulder for re-sarf acinff. 
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At intersecting streets it is necessary to relay a portion of 
the pavement on such street in order to meet the grade of the 
new work. If this be an asphalt pavement a portion of the old 
surface can be heated and removed and new top added, building 
it up to meet the new crown. If it is a brick or block pavement 
it is best to relay a number of rows of the brick or block at the 
proper grade to form a shoulder for the asphalt. This detail 
is shown in Fig. 4. 

The resurfacing over stone block is done about the same 
manner as over brick, the proper crown being mapped out and 
the surface laid as described above. 

The first macadam pavement resurfacing was done in 1922 
and the second in 1923, these two being the only pavements of 
this type resurfaced in Columbus. Both of these pavements had 
been built for twenty years, or more, with brick gutters along 
the curb, and the old curbing, brick gutters and macadam had 
shown evidence of satisfactory sub-grade conditions. The mac- 
adam had a thickness of fourteen inches. This surface was 
scarified to a depth of three inches and the material removed, 
after which the surface was rolled to a grade that would permit 
of the laying of three inches of asphalt and meet the shoulder of 
the brick gutter. 

As stated before it is too early to form an opinion as to 
results of this work, as my experience shows that it takes from 
ten to twelve years of service to demonstrate whether or not 
a particular type of pavement is a success, and I will give you, 
later, some evidence in support of this conclusion. 

Streets Containing Car Tracks 

The problem of resurfacing a street containing car tracks is 
one that is rather difficult of solution, unless the tracks are re- 
constructed. We have attempted this on one street only, a main 
thoroughfare on which the maintenance cost had been very 
heavy for several years, and on which it was the desire to im- 
prove the surface without the expense of reconstruction. This 
work was done by city forces out of funds appropriated from 
maintenance, and if the new surface will last seven years, the 
cost of the w^ork will not be in excess of seven years' ordinary 
maintenance. 

In this case a strip of brick about twelve inches wide along 
the outer rails of the car tracks was relaid at such a grade as to 
give a shoulder against which to lay the asphalt, and at the curb 
the thickness of the resurfacing material was reduced to one inch 
in order to give a proper depth of gutter. Asphaltic concrete was 
used on this work except for a distance of about 2,000 feet on 
one side of the street where Kentucky rock asphalt was used in 
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order to try out this material for this character of work. As an 
experiment, there was also laid for a short distance a manufac- 
tured asphaltic material known as cold laid asphaltic concrete. 

This material was all laid without a binder course, and to a 
depth of two inches, except at the rail and curb where it was 
reduced to one inch. The work was done during the fall of 1924 
and while it has promise of giving satisfactory results it will 
take some years to demonstrate whether this cheaper type of 
construction is justified. 

Costs 

The cost of resurfacing will vary in different communities, 
depending on the cost of labor and material. In Columbus, when 
done by contract, the work costs, where binder is used, from 
$1.65 to 1.75 per square yard, and where the curb is not reset, 
or new gutter laid, it has been done for from 50 per cent to 60 
per cent of what new construction costs, depending on the 
amount of additional binder required to provide a proper crown 
for the street. When new gutters are laid and the curbing reset, 
the cost amounts to from 65 per cent to 75 per cent of the cost 
of new work, depending on the type of paving used for the 
gutters. 

The maintenance cost of city pavements is a subject that 
has not, in the past, been given as careful investigation as is war- 
ranted by its importance. However, it is now being recognized 
that the maintenance of city pavements is a very important 
part of city service and is receiving more consideration in the 
financial program of progressive cities. In Columbus we have 
been able, however, especially in later years, to secure funds 
enough to maintain our pavements in a fairly satisfactory man- 
ner, judging by the very -few complaints relative to them regis- 
tered by our citizens; so that we will not be making: a violent 
assumption when we say that the pavement, on which mainten- 
ance costs are given herein, are in good condition today. 

In preparing some maintenance data on our resurfaced work 
in connection with this discussion, I thought it would be of 
interest to give you a comparison of such costs with the main- 
tenance cost on the ordinary type of sheet asphalt construction. 
Before doing so, however, it will be necessary to describe, briefly, 
how the repairs are made and cost data compiled. Prior to 1907 
our asphalt repairs were done by contract on a unit price basis ; 
the area of the surfaces repaired being carefully kept and pay- 
ments made in accordance therewith. In 1907 the city installed 
an asphalt plant of 1,000 yard capacity, and since that time the 
repair work has been done by city forces. We have continued, 
however, to keep the same data as when the work was done by 
contract; viz: the repaired area and the cost. To arrive at the 
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cost we figure the entire cost of the season's work, including^ 
labor, material, supplies, a charge for use of plant, etc., and 
divide this by the total yardage of the repaired area, which gives 
a unit cost to be applied to each street. 

During the past three years I have been compiling these 
figures for all of our pavements, some 6,000,000 square yards, and 
1,300 improvements, with the idea of having a complete service 
record of each particular improvement, and we have just com- 
pleted this work for our asphalt pavements, involving some 300 
improvements and 1,770,000 square yards. In compiling these 
figures it has been my aim to show each year for each improve- 
ment: 

1st. The area of the improvement. 

2nd. The area repaired. 

3rd. The cost of the repair. 

4th. The cost per yard of total area. 

5th. The average cost per yard per year. 

This last figure is really the service test of a pavement. It 
gives the average yearly cost over any period of years. As a 
pavement becomes older it will cost more per year to maintain it, 
and unless we know the age the maintenance cost does not mean 
much. The average cost per yard, per year, is obtained by divid- 
ing the total cost of repairs up to a given date by the total area 
of the improvement in yards and this quotient divided by the aje 
of the improvement. Thus an improvement having an area of 
10,000 square yards and being 20 years old, on which the total 
maintenance cost during the entire 20 year period was $5,000, 
would have an average maintenance cost per yard per year of 
2y2 cents. The maintenance on the resurfaced work over the 
old boulder pavements, the oldest of which was paved in 1888. 
averages a little over 3 cents per yard per year for the 36 year 
period. The resurfacing over the brick pavements, of which 
there are 24 improvements, has been done since 1912, the ag- 
gregate yardage of this work being 149,889 yards. The average 
age of these pavements is 5.6 years, the oldest being 12 years. 
The total maintenance on these 24 improvements, since they 
were constructed, amounts to $719 or .00086 cents per yard per 
year. In other words, if the combined yardage of these pave- 
ments was considered as a highway 18 feet in width this high- 
way would be 14.2 miles in length and would have cost about 
$8 per mile per year for maintenance. 

Critical Period in Life of Pavement 

Fig. 5 gives, graphically, the maintenance figures for asphalt 
pavements, the age being shown by the horizontal ordinate and 
the cost in cents per yard per year by the vertical. The heavy 
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Fiff. 5. Maintenance costs on asphalt pavements. 

dash line shows the aggregate of all resurfaced pavements at 
the various ages. These figures have been obtained by adding 
together the maintenance cost for each improvement at a cer- 
tain age, regardless, of course, as to when the improvement was 
made, the points for the curve being obtained by dividing the 
total cost up to a given year by the total yardage of pavements 
that were in service on that year and then this quotient divided 
by the number of years. The heavy dotted line shows the ex- 
penditure for all sheet asphalt pavements. The solid fine line 
shows our oldest resurfaced pavement which as you will note 
has a remarkable record. In order to make a comparison I 
have shown a broken line showing the oldest sheet asphalt pave- 
ment on a concrete base. The resurfaced pavement which has 
required the most maintenance is shown as a broken line above 
all other curves, and I have shown this in order to give you an 
idea of the range in maintenance cost as well as the average. 
From this chart a line could easily be plotted from which the 
maintenance cost for asphalt pavements could be estimated at 
any age. You will note that these curves all take a decided rise 
somewhere between the 10th and 12th year, indicating a com- 
paratively heavy maintenance cost at this time. Most of them 
flatten out after that period and in case of some of them the cost 
during the next few succeeding years is less than at that period. 
This fact deemed rather startling to me, and in order to deter- 
mine, if possible, the reason for heavy maintenance at this age 
period, I made some studies of several pavements of various 
types. Our earlier asphalt pavements were constructed under a 
ten year guarantee, and the records seemed to show that a few 
of them had been neglected for two years or more prior to the 
expiration of this guarantee, which would naturally increase the 
cost at that time; but for the past 15 years our guarantee period 
has been 5 years, so that the heavy maintenance on all of the 
pavements can not be attributed to neglect immediately prior 
to the expiration of the guarantee. In fact we have a large yard- 
age that has passed the 10th year without requiring any main- 
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tenance. On the other hand I found that we have a number 
of pavements carrying heavy traffic on which the records seem 
to confirm the theory that the period of heavy maintenance is 
when they are from 10 to 12 years of age. To illustrate, an im- 
portant street leading to the north was paved with asphalt in 
1911. The present traffic on this street is about 12,000 vehicles 
daily. It passed the five year guarantee period without requir- 
ing maintenance. At the age of 8 years the cost per yard per 
year was $.008 ; at 10 years, $.045 ; at 12 years, $.07. 

We have another main thoroughfare leading to the north in 
Columbus that was constructed in 1908. This was a brick pave- 
ment on a concrete base with a tar filler. It receives very heavy 
traffic, a count indicating that a traffic of approximately 16,000 
vehicles use this roadway per day. During the years 1921, 22 
and 23 this pavement was entirely resurfaced because the brick 
were so badly worn and broken as to make the street unfit for 
modern traffic conditions. 

Another street 50 feet in width, carrying approximately the 
same amount of traffic, was constructed in 1911 of brick with a 
grout filler. This street was in excellent condition for a 10 year 
period but during the last 2 or 3 years we have been obliged to 
give it considerable maintenance, and the maintenance cost up to 
date has averaged about 4j4 cents per yard per year, practically 
all of which has been done within the last three years. 

Probably the most striking example is afforded by a sheet 
asphalt pavement laid on a portion of a thoroughfare leading to 
the east, a street which carries about 12,000 vehicles daily at the 
present time. This was constructed in 1890. In 1901 this road- 
way was resurfaced and in 1913 it was resurfaced for the second 
time. In 1924 we were obliged to reconstruct this pavement due 
to the fact that during the spring of 1924 ground water came 
to the surface and destroyed such large areas that it was not 
considered wise to attempt any repairs. This failure was due 
to an improperly drained sub-base and a weak foundation, but 
the point to which I wish to call your attention is the fact that 
in spite of this bad condition this pavement gave satisfactory 
service from 11 to 12 years after each repair. 

In addition to the above examples as bearing on this heavy 
maintenance period, I wish to call your attention to an article by 
Professor French, of Mt. Gill University, published about 2 years 
ago, giving the results of an inspection of about 340 miles of con- 
crete roads in northern United States and Canada. Without 
going into details I will say that his conclusions were that on 
heavy traffic roads the condition of these concrete pavements 
was such as to need resurfacing at the age of 9 years and on 
the light traffic roads at the age of 13 years. 
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Based on our records there seems to be ample evidence to 
show that when a pavement has required heavy maintenance it 
has been during the 10th to 12th year period after construction, 
but I do not wish to be understood that such conditions are com- 
mon to all pavements. 

For instance, of the total yardage of our asphalt streets that 
are 10 years old, or more, 60 per cent of their area or 396,293 
square yards have reached that age without requiring any main - 
tenance, 40 per cent have reached the age of 12 years without 
maintenance, 16 per cent 15 years, and we have four streets with 
a total area of 11,443 yards which have been in service 18 years 
without maintenance expense. However, as a result of these 
studies and supported somewhat by Professor French's investiga- 
tion, it would appear that there is a critical period in the life of 
all pavements, and that this period is from the 10th to the 12th 
year after construction. Pavements may pass this period suc- 
cessfully by reason of favorable traffic and other conditions, and 
they may develop a weakness before this time by reason of 
abnormal conditions, but the evidence seems to show that serious 
defects, either in sub-base, foundation, or wearing surface, do not 
necessarily develop until this critical period, and we should 
hesitate, therefore, to draw any definite conclusion as to the 
merits of a pavement until such pavement, after 12 years* service, 
with moderate maintenance, is found to be in satisfactory condi- 
tion. 

While the diagram indicates that from the 10th to the 20th 
year after construction, the maintenance on resurfaced work has 
been greater than for asphalt pavements on a concrete base, be- 
yond the 20th year the maintenance is substantially the same, 
and we can, therefore, conclude that the results from the resur- 
faced work as measured by maintenance cost, are nearly equal, if 
not entirely so, to the results obtained from other construction. 
In fact a comparison of the resurfacing over old brick pavements 
which were completed 12 years ago, are now in as satisfactory a 
condition and have received no greater maintenance than other 
work constructed at the same time. 

These results are due, largely, to the care used in selecting 
for resurfacing only those streets which, after long service, have 
shown evidence of satisfactory sub-base conditions, and it is only 
by a study of these conditions, and correcting them if unfavor- 
able, that a successful pavement of any type can be constructed. 
In conclusion let me suggest that the pioneer days of con- 
structing modern pavements is past, and in the future the prob- 
lem will be studied in the light of experience gained from past 
performance. For I believe that from a study of the behavior 
of our pavements under actual traffic and climatic conditions, 
much can be gained to aid us in solving our paving problem. 
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SAFETY ON THE HIGHWAYS 



By Prof. W. K. Hatt, 
Head, School of Civil Engineering, Purdue University. 



The construction industry amounts to an output of six bil- 
lion dollars a year in the United States, that is fourteen per cent 
of the national income. Of this, one billion is put into highways 
in one form or another. 

We are only at the beginning of the highway industry, how- 
ever. The farther we go the more important the operation of 
the highways becomes. Operation involves a most important 
element — the maintenance of roads. State Highway Engineers 
are alive to the importance and complexity of the problems of 
maintenance. Our county highway superintendents have no 
less interest in this very difficult task of maintaining roads 
against the traffic of motor vehicles. They, as well as the state 
engineers, are gravely concerned with the safety of the roads 
under their charge. 

Accidents are increasing rapidly with the seventeen million 
motor vehicles on the roads of the United States. The use of 
the highways under certain critical conditions of traffic is now a 
hazardous occupation. 

Accidents on streets and highways increased fourteen per 
cent last year, whereas accidents in other classes decreased. 
Twenty-two thousand six hundred people were killed on the 
streets and highways of the United States last year; eighty per 
cent of these were killed either in driving automobiles or get- 
ting in the way of automobiles. Half of these accidents were 
due to recklessness and carelessness. We may contrast this 
figure of twenty-two thousand six hundred with the fact that in 
the four years of the Civil War one hundred and ten thousand 
Union soldiers were killed in battle or died of wounds. It has 
been said that if the highway accidents keep on at their present 
rate, we will approach in four years the casualties of the Civil 
War. 

There are four persons concerned in avoiding accidents — 
first, the engineers who build and maintain the highways ; sec- 
ond, the manufacturers who supply the automobiles; third, the 
man who drives the automobile ; and fourth, the pedestrian who 
walks the roads. Each of these four must look ahead and do his 
best to avoid accidents. We must not only desire safety, but 
we must also study the cause of accidents in a scientific way, 
and then create the conditions which promote safety. 
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The county highway superintendents have no way of pre- 
venting the reckless and careless person from driving an auto- 
mobile. It is up to the state authorities to license only com- 
petent persons after an examination as to their fitness. The 
county highway superintendents, however, can make the roads 
reasonably safe for the reasonable driver. 

It is this growth of accidents on the highways that led Mr. 
Herbert Hoover, Secretary of Commerce of the United States, 
to call a National Conference on Street and Highway Safety in 
Washington, D. C. To this conference were gathered various 
persons interested in building highways, in constructing auto- 
mobiles, in planning cities, in education in the public schools in 
order to study the reasons why accidents occur and the best 
means of preventing them. 

There is a lot of misinformation and erroneous views of 
the cause of highway accidents. Many unexpected facts result 
from a careful study. For instance, it is found by actual observa- 
tion that more accidents occur on the straight part of a road than 
on curved parts. This is contrary to the usual view. The fact 
that there are more accidents on the straight roads is explained 
by the extra precautions taken by the drivers in points of danger, 
like curved roads, whereas on the straight-a-way their attention 
is diverted and they become careless. 

Another erroneous view is sometimes held that high speed is 
in itself a necessary cause of accidents. The fact is that one 
vehicle moving too slowly is likely to force other vehicles, w^hich 
travel at a reasonable rate of speed, to pass it, and thus incur a 
danger on a two-track road. 

The fact is that our highways are now becoming so crowded 
that speed is necessary if they are to discharge the traffic. Any 
piling up of traffic because of slow speed will increase accidents. 

In other words, we are coming to the condition of a railway 
where traffic must be kept going over the tracks, and there must 
be all sorts of signs, signals and controlling devices. These 
traffic rules, these signs and signals are for the purpose of 
expediting traffic and not for slowing it. 

To promote safety on the highways the roads should have 
a minimum width of 18 feet. The grades should not be too steep, 
not over six per cent. There must be a good clear vision ahead 
for at least three hundred feet. White streaks should be painted 
in the middle of paved roads at the top of hills and around curves 
so as to keep cars on their own paths of travel. The bottom 
of telegraph poles and other side projecting objects should be 
painted a light color. Signs should indicate steep grades, sharp 
curves, and railway crossings. Hi^^hways cannot be made "fool 
proof," but signs will warn the careful driver. 
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The automobile builder must furnish good brakes which 
work when required and proper lights which will not drive the 
approaching vehicle off the road. He must limit the width of 
trucks so that they may be passed without danger. 

The driver must see that his brakes are maintained in good 
condition, the whole car in good working order, and a wind shield 
wiper installed. 

A pedestrian must obey traffic laws, must not do any "jay 
walking.'* When on the road at night the pedestrian should 
carry a lantern and keep on the left side of the road. For the 
pedestrian the engineer should provide a smooth path along the 
side of the road in the shape of a good shoulder to the road. As 
a fundamental rule, the driver of the automobile should yield to 
the pedestrian when their paths intersect. Only competent 
drivers, those without physical defects that interfere with safe 
operation, should be licensed, and reckless drivers deprived of 
their cars. The punishment of wilfully reckless drivers is sel- 
dom adequate. Somewhere carelessness becomes a crime. 

The whole question of highway safety is one of the most 
vital questions before the public. It influences the layout of city 
streets and the work of city park commissioners. Final solution 
does not depend upon general opinions, but on scientific study of 
the causes and nature of accidents. 

Systematic, thorough and continuous education of the pub- 
lic will lead to fewer accidents, as in fields of industrial accidents. 
Uniformity of laws in the several states will also promote safety. 

In Indiana we have a large milea^fe of good roads, but 
much must yet be done to increase highway safety. Curves 
should be widened and banked, guard rails of substantial type 
should be erected on the shoulders of embankments, especially 
near curved roads approaching bridges where many people now 
run off the road at night. There are many narrow bridges in 
Indiana which should be changed to two line traffic bridges at 
least twenty-two feet wide between rails. Roadway shoulders 
should be kept in good condition. To the users of automobiles 
we must say, test your brakes, keep your wind shield clean, use 
your lights so as not to blind an on-coming car, keep your own 
side of the road, and be careful not to pass a car in front of you 
unless you have a sure right-of-way against an oncoming car. 
Lose a minute and save a life. 
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SIGNS, GUARD RAILS AND RAILROAD CROSSINGS 



By J. J. Griffith, 
Ex-Marion County Engineer. 



"The Commissioner" said in an article, published in the 
November issue that the motorist must believe in signs in this 
day of rapid travel, otherwise he takes a chance, which often 
ends in the last chance he ever gets to take. Road signs are 
classed as necessities in these days of progress, for fast travel 
makes it imperative that traflic be safe at all stages. The need 
of marking roads with signs that even he who speeds may read, 
grows more imperative. 

Various state highway commissions have taken the lead in 
doing everything possible for the safety of the motorist. The 
increase in travel accidents has caused the authorities to make 
even greater eflForts towards eliminating travel dangers. 

I w^ant to see a law passed compelling the counties of the 
state to mark their roads so tourists can tell where they are going 
and also give them warning of the dangerous places along the 
roads. Road superintendents should make a special study of 
their counties, so as to learn what can be done towards making 
all dangerous places safe. It is important to warn of sharp 
curves or turns which occur suddenly after a long stretch of 
straight road. Such curves or turns are more dangerous than 
on a road that has many such curves, and as all turns and curves 
can not be avoided it is up to the motorist to believe in signs as 
he rides along. 

There is one thing that I want to see removed from every 
road in the state, and that is all advertising signs. Such signs 
detract from the beauty of our roads and the scenery alongside. 
Removal of such obstructions will facilitate the maintenance of 
ditches and berms, and also will make the road safer by not 
interfering with the clear vision at railroad, traction line, and 
cross road intersections. Removal of these signs will make more 
eflFective the danger warning guides and other information signs. 
I am glad to see our State Highway Commission removing all 
advertising signs along state roads. 

Every county in the state should adopt standardized signs, 
the same as used by the state, for the different states, with a few 
exceptions, are adopting practically the same signs used in In- 
diana. The different caution signs used by county or state are 
the school zone, cross road, side road, slow, oil, turn, curve, nar- 
row bridge, narrow road, loose stone or gravel, through highway 
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stop, city limits, no parking on traveled roads, speed 25 miles an 
hour, no dumping, not safe over 5 tons, and railroad signs. 

The most important of all is the railroad sign, yet people 
pay little attention to it. The Delaware state highway depart- 
ment is using a combination warning sign and partial barrier, 
designed to induce caution on the part of automobile drivers. 
The combination signs and barriers are fixed 75 feet on both 
sides of tracks. This sign is set in the middle of the road. The 
barrier, or post, is about six feet high, with two cross arms on 
the top, one reading "Look Out For Train," and the other read- 
ing "Railroad Crossing." The roadway at this point is widened 
to provide space around the barriers to a width of ten feet on 
either side. For the protection of night drivers there is a flash 
light that flashes 45 times a minute. Below the flashing light 
is a red flex mirror, which reflects the light of approaching auto- 
mobiles at night, and back of this sign, leading to the railroad, 
is black and white lattice work painted on the road. Thus there 
are five different warnings at this crossing : first, the bend in the 
road; second, the flashing light; third, the red reflection; fourth, 
the standard crossing signals at the top, and fifth, the black and 
white lattice w^ork. Devices similar to these are being used in 
Nebraska on the Chicago & Northwestern Railroad. It will 
take crossing protection of this kind to stop the motorist who 
usually pays no attention to railroad crossings. 

County roads should be marked with the names of the roads, 
the same as state roads are marked. Also, for night driving, 
cross roads, dangerous crossings and all bad places in all roads 
should be marked with red flex signs. These have been adopted 
by Marion county and a number of other counties in the state 
and are proving satisfactory. 

The marking which has been the best investment Marion 
county has made was adopted last year. This is marking the 
road by either a white line down the center or by using emulsified 
asphalt and making a black line. The latter gives the best 
results and lasts longest. We have watched the heaviest travel 
on Northwestern Avenue or the Michigan Road leading out of 
Indianapolis, and also, on the Crawfordsville Road, and saw 
hundreds of machines passing over these roads, all keeping on 
the right of the center line and making the 18 and 20 foot roads 
safe to travel. 

Guard Rails 

There are very many different types of guard rails, some of 
which are built for looks, some because they are cheap, and 
others are built for real protection to the motorist. I have ex- 
perimented with all kinds. I built the wooden guard rail, which 
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\vas built for looks and served only as a warning. There were 
more people hurt by the wooden guard rail going throu-^h the 
car and wrecking the car than there would have been if there 
had been no rail at all. I have also had the post and cable type» 
which is being used in some of the states, but experience has 
taught me that the cable offers little visibility and has practically 
no elasticity. 

As you know, it is not the policy of the Road School to 
boost any one product during the school, but as wire guard rail 
is now being made by several firms, it is a matter of general news 
to road builders and engineers that it is being found satisfactory 
as a protection at points of danger. Guard rails should be a real 
protection, as well as a warning of danger. This woven wire 
rail overcomes all objections in that it is painted white after 
galvanizing and, therefore, insures excellent visibility. The char- 
acter of its weave makes it very elastic, and it stretches on im- 
pact to take up the force of the blow. Comparatively light 
machines at moderate 'speed break through the wooden rail or 
bound over the cable guard, w^hile light or heavy cars are held 
on the road by the elastic wire guard with little injury to either 
car or passengers. 

From the cost standpoint, figures show that the wooden and 
cable guards can be bought cheaper than the wire guard, but 
the installing costs are very much less with the latter, making 
the cost complete less than either of the former guards. 

Railroad Crossings 

The past year or two have witnessed many improvements 
in the type of railroad crossings and it would be difficult to name 
the many crossing materials that have been tried or are being 
used to determine their merits for this particular use. The 
materials offered include rubber brick, various bituminous bricks, 
concrete slabs, creosoted wooden blocks, creosoted edge set 
timber sections, iron plates, and the ordinary planking. I be- 
lieve aU these innovations should be welcomed by the engineers 
and authorities and the efforts towards improvement along this 
line should be encouraged. It certainly goes without sayinr that 
the worst part of our public highways is the general railroad 
crossing. 

It will be generally conceded by all who are interested in 
the subject that the prime requisite for a highway crossing is 
that it should be smooth, reasonably hard and possess the ability 
to withstand vibration. Any discussion of the subject of rail- 
road crossings must take into consideration several factors: 

First and above everything else, the public demands a 
smooth surface road in order to cross railroad tracks. 
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Second, a crossing must be built and maintained by the rail- 
road for the benefit of the public. I think safety conditions for 
both the railroad and highway traffic demand this. 

Third, a crossing cannot be designed as a permanent struc- 
ture, for the reason that improvements must be made from time 
to time in the track. 

Fourth, the material that possesses the most points of effi- 
ciency and economy is a debatable point among those who are 
authorities on the subject. However, it would seem that a cross- 
ing composed of edge set timbers made into slabs, creosoted, will 
very well meet the requirements. It is well known that the ex- 
posed edge of green timber will stand the wear and tear of traf- 
fic better than a flat, green surface. Also, that edge grained tim- 
bers, when properly assembled into slabs, will withstand vibra- 
tion. Slabs manufactured from edge set timbers are compara- 
tively non-warping and are smooth and flat. When manufac- 
tured from 2x4s or 2x6s, the slabs are sufficiently heavy to stay 
put, but are still light enough to be easily removed for repair to 
the track. 

One important advantage of these timbers assembled into 
slabs is the fact that they may be turned over and the bottom side 
used. Timbers set on edge are not subject to the trouble of 
cracking and checking, as is usually the fault with block and 
plank crossings. 

Another important advantage of this edge set timber cross- 
ing is the freedom from expansion troubles. That the edge set 
timber crossing is growing in favor is shown by an article in the 
"Railway Engineer and Maintenance" magazine of August, 1924. 
This article, by Mr. John Foley, Forester for the Pennsylvania 
Railway System, states that better results are to be expected 
from flat, green scantlings laid on the edges and bolted or nailed 
together than from flat, green planks laid on their sides. In the 
April issue of the same periodical is an article entitled, "High- 
way Crossings Designed on the Southern Pacific," which also 
concludes that a plank crossing made of edge grained timber is 
best. 
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SURVEYS AND PLANS FOR COUNTY ROADS 



By Don Heaton, 
Benton County Surveyor. 



Before discussing methods of making plans for county roads, 
I want to say a few words about the value of good road plans. 
After several years' experience I am firmly convinced that there 
is a very close relation between road plans and the taxpayer's 
pocketbook. 

Most all of our county highways are built by contract. The 
value of any highway contract is in direct proportion to the value 
of the plans and specifications, for they are the part of the con- 
tract that sets out what is to be done and how it is to be done. If 
the plans are indefinite and do not clearly set forth the require- 
ments and conditions for the construction of the improvement, 
the value of the contract to the taxing district that is paying for 
the road, is far below par. 

If you have given this subject of plans for roads any observa- 
tion or study, you will notice that there is a close relation be- 
tween road plans and road contractors. Poor plans attract a poor 
class of bidders, and good plans attract a good class of bidders. 

As a rule poor plans are more flexible and liable to substitu- 
tion than good plans. The specifications accompanying poor 
plans are indefinite and very often some detail of the work might 
be built in two or three different ways and still be open to 
argument as to whether the work is performed in accordance 
with the plans and specifications. 

The unscrupulous contractor who is in the habit of slighting 
work and interpreting indefinite provisions of the plans to his 
own benefit, enjoys arriving at a letting and finding a poor set 
of road plans. He is quick to see loop-holes and possibilities of 
inferior substitutions and makes his bid accordingly. 

He has some right to assume that, if the plans are prepared 
in a slip-shod manner, that the construction will probably be 
handled in the same way. Good plans always command respect 
and inspire confidence. 

The first class contractor who is in business to stay and who 
likes to leave a good record wherever he works, does not care 
for this kind of competition, and seeks localities where plans are 
prepared in such a manner that the hard working and conscien- 
tious bidder has a fair show. 
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Surve3rs and Plans 

In discussing methods for making plans and specifications 
for county roads, I have not taken up ever>' detail of the work, 
but just enough of the essential operations to give a fair idea of 
what is required. 

The survey is made for the purpose of getting information 
in the field and includes the accurate location of all physical and 
topographical features that may affect the improvement. Part 
of this information is obtained with instruments, such as the 
level, transit and tape, and part by personal observation. 

The principal work to be accomplished in the survey is the 
location of the center line of the proposed road and the taking of 
levels to find the difference of elevation of points along and ad- 
jacent to this center line. 

As a rule county roads in this county are located along sec- 
tion or fractional section lines. In making the survey no time 
should be spared in getting the center line of the proposed road 
properly located. This is the key-stone of the whole survey. 
Kvery thing else is built upon it. Personally, I spend three or 
four days or a week, if necessar>% hunting comer stones and 
other monuments that determine the proper and legal location 
of the proposed improvement. 

It is important that the plans be based upon the same center 
line as the one used in construction. Don't take cross sections 
from one center line and set slope stakes from another. 

Ver}' often there will be fences within the highway location 
that must be moved. The proper location of the center line at 
the start of the survey will save a lot of trouble and annoyance 
about property lines later on. If the line is established by 
existing corner stones and legal monuments there is seldom 
any complaint by the landowner when he is ordered to move 
his fence. 

Once the ruling points on the center line are established the 
next work is to run the transit line, set station stakes, and take 
notes on topography far enough on each side of the center line 
to include all areas that will probably be affected by the im- 
provement. Having located the ruling points on the line, the 
transit is set over the first hub stake, or corner stone and sighted 
to the next stake or corner stone on the line of the road. The 
bearing of this line is noted, also its deflection from an inter- 
secting road at this point, if there happens to be one. Succes- 
sive points on the center line at each station are now obtained 
by signals to the head flagman, who places his flag-pole at the 
proper points. If a cross section party is following; the transit 
party it is common practice not to drive stakes ever}' hundred 
feet, but to drive a small nail with a piece of red cloth attached 
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to it, at each station on the center line. These are easily found 
by the level party, and save driving stakes until construction is 
started. 

If the levels are to be taken at some later time, off-set stakes 
are set at such a distance from the center line that they will not 
be broken or disturbed by traffic on the road. On these stakes 
must be marked the station number and distance to the estab- 
lished center line. 

After setting one-quarter or half mile of stakes the transit 
is moved up to the next hub stake, sighted to the point just left 
and then sighted upon the next corner stone or hub ahead. The 
deflection between these two lines is noted, also the bearing 
of the line, station number, and distance from the last set-up. 

When the head flagman comes to a bridge he takes points 
on the line at each end of the span and notes in a note-book the 
station number of each end of the span, also distances from the 
center line of the road to the center line of the bridge. The loca- 
tion of all buildings along the road are obtained by measure 
ment and the station number of all transverse fences, both prop- 
erty line and field fences, are noted. The direction and location 
of water-courses, both open and tile, are also noted on the transit 
book map. 

After the transit line is run and topography taken, the cross 
section and center line levels are obtained. A cross section party 
usually consists of four men, namely, a leveller, rod-man and 
two chainmen. In doing this work, one chainman goes to the 
station stake and notes the distance marked upon the stake to 
the center line of the road as established by the transit party. 
Using this distance the zero end of the tape is placed on the 
center line and the tape stretched across one-half of the highway. 
With the tape in this position the rod-man gives the center line 
reading and then walks along the tape selecting points that will 
give a good representation of the ground surface. As the rod is 
held and read at each point the rod-man calls out the distance 
of each point from the center line for the leveller to place in the 
note-book. The tape is then stretched across the opposite half 
of the highway and the operations repeated. 

Where the route of the road is over the location of an 
already established highway, it generally requires from seven to 
nine level readings to obtain a representative cross-section. On 
new location and fairly level ground this number will be con- 
siderably reduced. 

Office Work 

With the transit and level work completed the scene of 
operations is shifted to the office. Before starting the office 
work it is a good plan to decide upon the form and general make- 
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up of the completed set of plans. Are you going to have a 
profile several feet long, or are you going to use small sheets 
of paper with several profile lines upon each sheet? Will the 
cross-section sheets and bridge plan sheets all be of the same 
size? These are some of the things you will have to decide 
upon. These questions are easily decided, if you use the sheets 
designed by the U. S. Bureau of Public Roads. These sheets are 
the plan-profile type and of a size that when bound together are 
portable and easily handled. The size of the border line on each 
sheet is 22x33 J/2 inches. Thirty-two hundred feet of road can 
be placed on each sheet to a scale of one inch to one hundred feet. 
In addition to plan and profile sheets the plan will contain 
a title sheet which should show a general layout of the improve- 
ment and immediate vicinity. Bridge drawings and cross sec- 
tions are made upon sheets that conform to the size of the 
plan-profile sheets, and the whole bound together when finished. 

In plotting the line there are two or three methods in com- 
mon use. The most common is to plot the different tangents 
by means of a protractor and scale. Another method often used 
is the tangent method in which the line of each tangent is 
produced and offsets from this line computed. 

The profile is plotted just below the plan. Stations are 
marked oii on the horizontal line corresponding to the same sta- 
tions upon the plan. The ground or surface line shown on the 
profile should represent the center line of the new improvement. 
The horizontal scale of the profile, usually one inch equals one 
hundred feet, is also used in making the plan. If the horizontal 
scale of the profile is one hundred feet to the inch, the vertical 
scale should be about ten feet to the inch. 

In addition to the center line the profile should show the 
grade of the new road, together with elevations of grade points 
Jind elevations of grade of each one hundred feet. It should 
describe and give the elevation of all bench marks. The eleva- 
tion of all drainage structures and the flow lines of all inter- 
secting drains, either open or tile, should be shown on the profile. 

A convenient scale for plotting cross-sections is one inch 
equals five feet. In plotting cross-sections the horizontal and 
vertical scales are the same. 

With the plan, profile and cross-sections plotted, the next 
step is to establish the grade of the new road. Whenever pos- 
sible, it is important that the grade of the road be so established 
that the amount of excavation and embankment will l>e about 
the same, without excessive and expensive haul. The most 
monotonous job, in my opinion, involved in preparing a set of 
road plans, is to establish a grade-line which will balance the 
volume of cut and fill, but I firmlv believe that the extra work 
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required in the office is fully justified by better construction and 
lower and more intelligent bidding. The operations are about 
as follows : Having decided upon the cross-section of the new 
road, a cardboard templet of this section is made to the same 
scale as that of the plotted cross-sections. A trial grade line, 
say 500 or 1,000 feet long, is established by inspection and the 
gfrade elevation at each station computed. These grade eleva- 
tions are marked upon the cross-sections. The templet of the 
new roadway is then centered upon the cross-sections at the 
elevation of the new grade throughout the length of the trial 
g^rade line, and a pencil run around the templet to outline the 
proposed roadway. After this operation is completed, you have 
an outline of both the new road and the old road at each one 
hundred feet of the trial grade. Sometimes these two outlines 
will be very close together; at other times they will be widely 
separated, depending to what extent the new grade conforms to 
the existing grade. The space between these two outlines rep- 
resents area for obtaining volume of cut or area for obtaining 
volume of fill. These areas are usually mixed at each station, 
part representing fill, and part representing cut. 

The next step is to compute the area of the cut and fill sec- 
tions. This can be done by dividing the irregular areas into 
regular geometrical forms, such as rectangles, triangles and 
trapezoids and computing the area of each small figure. A much 
faster method, and one that is usually within the required degree 
of accuracy, is to use a planimeter for obtaining the areas. 

The areas of cut and fill are figured separately and the aver- 
age end area for any station, multiplied by one hundred and 
divided by twenty-seven, gives the volume of cut or fill for that 
station in cubic yards. If the volume of cut and fill do not 
balance, a new trial grade is established and the operations re- 
peated until the amount of excavation and embankment are 
about the same. 

I have outlined in the foregoing paragraphs the essential 
operations involved in the preparation of a set of county roa'l 
plans. Many of the details I have not attempted to discuss, such 
as location curves and vertical curves ; also, shrinkage, bridge 
plans, etc. 

It pays to spend considerable time in drafting, in lettering, 
and in making plans neat. There is nothing thai improves a set 
of plans like good lettering. If you can not letter yourself, hire 
some one that can. 
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FOREWORD 



At the January, 1925, meeting of the Executive Committee of the 
Indiana City Planning Association, the problem of placing authori- 
tative information on the subject of city planning in the hands of 
interested citizens was discussed at some length. The result of 
that discussion was the formation of a publicity committee consist- 
ing of Professor Frank G. Bates of Indiana University and Profes- 
sor G. E. Lommel of Purdue University. 

This committee was charged with the responsibility of developing 
a short pamphlet dealing with the elements of city planning which 
would be directly applicable to Indiana conditions. The discussion 
further developed the fact that a real need for this primer exists in 
the high schools of the state as an aid in the study of city planning 
in the civics courses. 

With this in mind, the committee carefully worked out their as- 
signment and the text matter was presented at the third annual city 
planning conference which was held at Evansville on April 9th 
and 10th. 

The Engineering Extension Department at Purdue then decided 
to print and distribute the primer as an Engineering Extension 
Bulletin. 

Acknowledgment is here given to the Ft. Wayne Realty Board 
for their financial assistance in the publication. Thanks are also due 
Mr. Lawrence V. Sheridan, Mr. A. W. Brayton, Jr., Fairchild 
Aerial Surveys, Inc., of New York and various City Plan Commis- 
sions for their help in supplying illustrations. 
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CHAPTER I 



THE BUILDING OF CITIES 

The history of ancient nations is principally the history of the 
cities of those nations. A history of Greece without the story of 
Athens is impossible. Italian history is, at least until very recently, 
a story of Rome, of Venice and of Genoa with their political, artis- 
tic and scientific achievements. 

A country may decline, decay and even vanish, politically, but the 
legendary beauty and glory of its cities will survive. The hanging 
gardens of Babylon and the temples of ancient Egyptian cities ex- 
cite our imagination and wonder, even though buried beneath the 
dust of centuries. 

The oldest civilization of which we know today is that of ancient 
Egypt. Probably as early as 5000 B. C, the E^ptians had developed 
in the valley of the Nile an advanced civilization. 

Among the larger cities which were built by the Egyptians were 
Memphis, Thebes and Alexandria. Of these Memphis was the 
most ancient, while Thebes was probably the most beautiful. 

Thebes has been partly uncovered and attempts have been made 
to verify the legends of its magnificence. It was located on the 
banks of the Nile and had a very excellently developed series of 
quays. 

Within the city were temples erected under the direction of the 
king and by the labor of thousands of slaves. The temple walls and 
columns were brilliantly painted ; in fact some historians tell us that 
gold leaf and pure gold ornaments were not uncommon. 

The streets of the city were, in comparison with our present day 
standards, rather narrow and the whole system of streets very ir- 
regular. 

Other important ancient cities which are described by historians 
are Babylon, Athens and Rome. The traditions of Babylon center 
around her hanging gardens ; of Athens and Rome about the beauty 
of their public buildings. 

The art of city building during the middle ages did not show any 
marked advance. In fact no city founded during that time com- 
pared favorably with those of the ancient civilizations. Cities of that 
age were all surrounded by high walls. The street plans were 
usually very irregular, the streets themselves narrow. The irregular 
alignment of the streets made possible a much easier defence against 
an invader who Was strong enough to penetrate the outer walls. 

Of the great cities of the world of today, there is evidence that 
in early times some parts of them were planned with a view to 



Digitized by VjOOQIC 



6 PURDUE ENGINEERING EXTENSION SERVICE 



Courtesy of Fairchild Aerial Surrey*, Inc. 
An Aeroplane View of WMhInffton, D. C. 
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their convenience and beauty, but it is in general true that our cities 
have grown up without any previous planning and to a great extent 
are still without large plans of orderly development. Two con- 
spicuous instances of deliberate planning of a great city in advance 
suggest themselves: Washington, which has in part at least been 
developed in accordance with the original design, and Canberra, the 
new capital of Australia, as yet in its earlier formative state. Only 
in rare instances have great cities begun large undertakings of re- 
planning which involve at one time radical changes in the street plan 
or the abandonment of existing public buildings in order that broad 
avenues, civic centers and imposing public buildings might appear. 
The enormous cost, the inertia of public sentiment and the opposi- 
tion of property owners have prevented. London missed its great 
opportunity when, after the great fire, vested interests prevented 
the rebuilding according to Wren's plans. Likewise, America has 
seen similar opportunities lost in Boston, Chicago, San Francisco 
and Baltimore. Paris and Vienna present the two notable examples 
of replanning on an elaborate scale. 



CHAPTER II 



THE GOVERNMENT AND PLANNING OF CITIES 

Throughout our country there are county and township govern- 
ments, or both, which serve the political needs of the rural localities 
for which they were originally designed. But whenever a consider- 
able number of people establish their homes and their businesses in 
close proximity, there arise additional community needs and interests 
which are not shared by their more widely scattered neighbors on the 
farms. These community needs may, at first, be satisfied by volun- 
tary cooperation through neighborhood clubs or associations. But 
as the group becomes larger and its needs become more numerous 
and complex, some persons will be unwilling to cooperate. When- 
ever the failure of some to cooperate imperils the welfare of the 
whole community there must be power to compel the unwilling ones. 
Thereupon a town is organized and the state confers upon it a gov- 
ernment with power to plan common improvements and to carry 
them out. When the town becomes larger and its problems more 
complicated a city with a more elaborate form of government re- 
places the town organization. 

The desire of many people to become residents of cities is appar- 
ent from a study of our population statistics. For instance, we 
learn that in 1890 twenty-seven per cent of the population of In- 
diana lived in incorporated cities; in 1900, thirty-four per cent; in 
1910, forty-two per cent, and in 1920, fifty-six per cent. 
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Whether or not this change of population from rural to urban is 
a beneficial one is not a question to be discussed here. The fact is 
that this change has been made and in comparatively few years. 

The government provided for a town is very simple. It consists 
of a board of trustees, and a treasurer, clerk and marshal. These 
officials make provision for and carry on a considerable number of 
services of a purely local character, such as fire protection, streets 
and sidewalks, street lighting, schools and cemeteries* They are 
empowered to make and enforce police regulations and to levy and 
collect taxes. 

Any town in Indiana having a population of two thousand may 
become a city, thereby taking on a more elaborate form of govern- 
ment having more powers. 

Indiana cities are divided into five classes based primarily upon 
population. Three forms of government are provided for by law, 
and cities may choose the one under which they prefer to be gov- 
erned. These are the mayor-council, the commission and the mana- 
ger forms. The mayor-council form, which is the oldest and which 
might be termed the normal form in Indiana, is substantially the 
same for cities of the first four classes. The city council is the legis- 
lative body, making ordinances and levying taxes and appropriating 
money. The administrative work is grouped, for the most part, in 
six departments: finance, law, public works, public safety, assess- 
ment and collection, and public health and charities. The heads of 
these departments are appointed by and are under the direction of 
the mayor. There is a department of parks under a park board. 

The plan just sketched is modified considerably for cities of the 
fifth class. This class includes cities between ten thousand and 
twenty thousand population having an assessed valuation of less 
than five million dollars and all cities of less than ten thousand pop- 
ulation. Here the administrative machinery is more simple and the 
work is carried on, chiefly, under the direction of the city council. 

The General Assembly of Indjana in 1921 enacted a law whereby 
any city so voting may adopt either the commission or the manager 
form of government. Down to the present time but one city, Michi- 
gan City, has acted under the law, although some three hundred 
cities in the United States have adopted one of these forms during 
the last ten years. Under either of these systems a commission 
elected by the voters takes over all the powers of the mayor, council 
and executive departments. In the commission form the commis- 
sioners individually act as heads of the several departments. Under 
the manager form the commission appoints a city manager who is 
head of the whole administrative work acting under the supervision 
of the commission. 

Whatever the form of city government, the work to be done by 
the city is the same. Those elected to office must see that the citi- 
zens have adequate fire and police protection ; that the water supply 
is sufficient and of proper quality ; that wastes are disposed of with 
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the least menace to health and comfort; that streets are provided 
for the transport of citizens and commodities from one part of the 
city to another, and that these streets are kept clean and in repair ; 
that public utility companies or the municipality provide at reason- 
able cost such things as street car service, telephones, light and 
power ; and that parks and playgrounds are conveniently located and 
adequate, and that educational opportunities are oflFered to the chil- 
dren of the citizens. 

All of these activities involve the expenditure of large sums of 
money which must be provided by the citizens through the payment 
of taxes and special assessments. If city and town governments are 
to justify themselves, their administration must be in the hands of 
honest and capable persons who will carry on the work of the city 
efficiently and economically. 

An unfortunate consequence of the habit of injecting party poli- 
tics into city government is that the city officials change at such fre- 
quent intervals that it is impracticable to plan city work far in 
advance. There is no assurance that succeeding administrations 
will adhere to plans already made. Much money is thus wasted and 
much careful planning rendered futile. When most of our older 
cities were laid out, the founders had no vision of what the future 
development would be and, consequently, failed to plan on a scale 
to fit the needs of today. In other cities, where original layouts 
were sufficiently generous, later generations unwisely allowed en- 
croachments to be made on the original plan or failed to see to it that 
later additions were made to conform to earlier plans. 

Fortunately the ultimate cost of such haphazard growth is becom- 
ing more and more apparent, and through the application of two 
laws, which passed the 1921 session of the state legislature, it is 
hoped that in Indiana this method of development of our cities will 
soon become obsolete. 

These laws are known as "The City Planning Law" and "The 
Zoning Law." An appendix to this pamphlet gives a synopsis of 
the City Planning Law. 

Under the provisions of these laws the following cities of Indiana 
have formed City Plan Commissions: Anderson, Batesville, Craw- 
fordsville, Elkhart, Evansville, Gary, Indianapolis, Kokomo, Marion, 
Mishawaka, Muncie, Michigan City, Newcastle, Princeton, Rich- 
mond, South Bend, Terre Haute, and Valparaiso. 

Thus through the application of these two enabling acts, a great 
many cities in Indiana are entering upon a new era in city building 
and the time is not far distant when most of the cities in the state 
will be exercising a definite control over their physical development. 
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CHAPTER III 



ZONING 



In the development of a City Plan for any community, certain 
features of the problem are outstanding in importance. Satisfactory 
solutions of these feature problems determine the ease with which 
the details of the whole plan can be worked out. 

These feature problems are zoning, street system, transportation 
and recreation facilities. All are so intimately related that an at- 
tempt to solve either without careful consideration of the other 
three gives unsatisfactory results. 

The problem which affects the individual citizen most and which 
has an immediate and at the same time a far reaching effect upon 
the orderly development of the city is the zoning problem. 

Mr. Herbert Hoover, Secretary of Commerce, is very much inter- 
ested in the zoning of our cities and because of his interest appointed 
an Advisory Committee on Zoning to the Division of Building and 
Housing of his department. This Advisory Committee made up of 
housing and zoning experts have worked out and distributed a Zon- 
ing Primer, which may be secured by any citizen by writing to the 
Division of Building and Housing, Department of Commerce, Wash- 
ington, D. C. The Primer sets forth the zoning idea and practice in 
such an admirable way that it was thought advisable to include in 
this pamphlet the following quotations : 

What Is Zoning? 

"Zoning is the application of common sense and fairness to the 
public regulations governing the use of private real estate. It is a 
painstaking, honest effort to provide each district or neighborhood, 
as nearly as practicable, with just such protection and just such lib- 
erty as are sensible in that particular district. It avoids the error of 
trying to apply exactly the same building regulations to every part 
of a city or town regardless of whether it is a suburban residence 
section, or a factory district, or a business and financial center. It 
fosters civic spirit by creating confidence in the justice and stability 
of the protection afforded. 

"Zoning gives everyone who lives or does business in a commun- 
ity a chance for the reasonable enjoyment of his rights. At the 
same time it protects him from unreasonable injury by neighbors 
who would seek private gain at his expense. 

"Zoning regulations differ in different districts according to the 
determined uses of the land for residence, business, or manufactur- 
ing, and according to the advisable heights and ground areas. 

"But these differing regulations are the same for all districts of 
the same type. They treat all men alike." 
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Why Do We Need Zoning? 

"Some one has asked, *Does your city keep its gas range in the 
parlor and its piano in the kitchen ?' That is what many an Ameri- 
can city permits its household to do for it. 

"We know what to think of a household in which an undisciplined 
daughter makes fudge in the parlor, in which her sister leaves soiled 
clothes soaking in the bathtub, while father throws his muddy shoes 
on the stairs, and little Johnny makes beautiful mud pies on the 
front steps. 

"Yet many American cities do the same sort of thing when they 
allow stores to crowd in at random among private dwellings, and 
factories and public garages to come elbowing in among neat retail 
stores or well-kept apartment houses. Cities do no better when they 
allow office buildings so tall and l)ulky and so closely crowded that 
the lower floors not only become too dark and unsatisfactory for 
human use, but for that very reason fail to earn a fair cash return 
to the individual investors. 

" Xive and let live' is a better motto for the modern city than the 
savage one of *dog eat dog'. 

"It is this stupid, wasteful jumble which zoning will prevent and 
gradually correct. We must remember, however, that while zoning 
is a very important part of city planning, it should go hand in hand 
with planning streets and providing for parks and playgrounds and 
other essential features of a well-equipped city. Alone it is no uni- 
versal panacea for all municipal ills, but as part of a larger program 
it pays the city and the citizens a quicker return than any other form 
of civic improvement." 

Zoning Protects Property and Health 

"Suppose you have just bought some land in a neighborhood of 
homes and built a cozy little house. There are two vacant lots south 
of you. If your town is zoned, no one can put up a large apartment 
house on those lots, overshadowing your home, stealing your sun- 
shine and spoiling the investment of 20 years' saving. Nor is any- 
one at liberty to erect a noisy, malodorous public garage to keep 
you awake nights or to drive you to sell out for half of what you 
put into your home. 

"If a town is zoned, property values become more stable, mort- 
gage companies are more ready to lend money, and more houses can 
be built. 

"A zoning law, if enacted in time, prevents an apartment house 
from becoming a giant airless hive, housing human beings like 
crowded bees. It provides that buildings may not be so high and 
so dose that men and women must work in rooms never freshened 
by sunshine or lighted from the open sky." 
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Side yard restrictions are 
a necessary part of zoning 
ordinances. Tliey prevent 
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The apartment hoaac rabo 
many a small home of its 
jnst share of liffht and air. 
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The closed porch is an- 
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out even with open porches. 
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cause loss in value to all 
homes in the neighborhood. 
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A Zoning Program 

"Surveys. — ^A zoning ordinance needs to be based on a com- 
prehensive and detailed study of the precise local conditions, both 
present and prospective. What fits one city or town may be a bad 
misfit for another. There is no short cut to good zoning in any 
community through blindly accepting what has been done for an- 
other community. The only safe path is a thorough, open-minded 
examination of the facts in each community as to existing uses, 
existing densities, and heights of buildings, the customs of the peo- 
ple, and the trend of affairs. In every city there are citizens and or- 
ganizations having in their possession valuable knowledge of local 
conditions. These have a large contribution to make to those re- 
sponsible for zoning, although those who have lived their whole 
lives in a community do not necessarily realize all that is going on 
about them. 

"The zoning of a city requires expert professional knowledge 
just as the presentation of a case in court requires legal training. 
But just as the lawyer depends upon the layman to secure his facts, 
so must the professional zoning expert call upon the citizens for 
much of the accurate information upon which any good zoning regu- 
lations must be based. 

"Technical Advice. — The practice of zoning is relatively new 
in America. We are feeling our way and must learn by experience. 
Those who have had experience tend to become expert, with broader 
knowledge of practices that are proving effective. These men are 
becoming gradually more skilled in the methods of getting at the 
essential facts of any local situation, and in the interpretation of 
those facts. If they possess insight and sane judgment, their ad- 
vice becomes increasingly valuable. 

"Scope of a Zoning Ordinance. — ^A zoning ordinance consists 
of one or more maps dividing the city into different kinds of dis- 
tricts ; and a statement of methods of regulation to be employed in 
each district in regard to the use to which property may be put, the 
height and size of buildings, and the amount of space to be left 
vacant, with adequate provisions for enforcement. 

"Getting Public Support. — In the process of drafting a tenta- 
tive ordinance, it is important, by means of full public discussion, 
to be sure that the ordinance is an 'application of common sense 
and fairness' and will 'provide each district, as nearly as practicable, 
with just such protection and just such liberty as are sensible in that 
particular district.' It is essential likewise to be sure that public 
opinion, as a whole, will support it. 

"Zoning in Operation. — ^A zoning ordinance is of value only as 
it is properly enforced. Because of the difficulty in making with 
precision the forecasts on which it is based, its operation should be 
closely followed by those who most intimately understand the rea- 
sons for its provisions. Thus, improvements and adjustments may 
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Nine cities of Indiana have worked ont zoninsr plans. Others will soon realise the 

valne of such plans. 

from time to time be made intelligently. It is to furnish in excep- 
tional cases a means for remedying possible injustice that, in some 
States, provision is made for a board of adjustment or appeals. 

"It is obvious from the nature of the case that, even if a zoning 
ordinance were drawn with superhuman perfection, time and the 
natural growth of the community might show the need of modifica- 
tions. The purpose of a zoning ordinance is not to stifle growth, 
but only to insure that instead of taking place sporadically and waste- 
fully it shall go on in an orderly way, in response to generally rec- 
ognized needs and with due notice to all concerned." 
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CHAPTER IV 



STREETS AND STREET SYSTEMS 

The greatest handicap which can be placed upon a growing city 
is an inadequate and poorly arranged system of streets. No one fea- 
ture of the civic structure plays as important a part in orderly physi- 
cal development. The assurance of well paved and properly located 
streets with sufficient width between curbs to take care of the traf- 
fic attracts not only business men and manufacturers to a commun- 
ity, but is also an argument of considerable weight to the prospective 
home builders. 

To accommodate properly the street traffic, certain streets of the 
system must be located and designed to handle the through traffic, 
that is, traffic moving from one part of the city to another or from 
the city to another city a few miles away. These streets are called 
major or arterial thoroughfares. They are characterized by wide 
pavement, long, almost straight alignment and comparatively flat 
grades. These major streets form the skeleton upon which all other 
streets in the system are hung. 

Secondary streets act as feeders to the main thoroughfares, while 
the minor or local streets serve as lanes of access to the homes of 
the citizens. 

It is obvious that the width and kind of pavement, width of side- 
walk, and width of lawn space, on any street depend upon two 
things; first, the zone or district which the street serves, and sec- 
ondly, the particular classification of the street. In short, the prin- 
ciple of adaptation to the use to be made of it instead of adherence 
to some uniform rule should control in the design of our streets. 

Our state law gives to the city plan commission the power to 
accept or reject the plats of new subdivisions not only within the 
city limits, but also within a five mile limit outside the city. This 
provision should prove of great value to the future city because 
through the application of that power, the commission can gradually 
develop a coordinated system of streets, which will conform to the 
topography of the site of the city. As a result of refusing to ap- 
prove plats of land upon which the street layout does not conform 
to the general plan made for that part of the city, jogs, dead-ends 
and bottle necks will be as rare in the future as they are common in 
the present city street systems. 

Until the time when the automobile became a common means of 
transportation, traffic on city streets needed little regulation. The 
flow of traffic even in our larger cities was slow and fairly uniform. 
As the number and types of automobiles increased, the mixed char- 
acter of the traffic, motor driven and horse drawn, pleasure vehicles 
and trucks, resulted in a complex traffic problem which is today far 
from being solved. 
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The plan of Newcastle very clearly illnatratea the lack of planninff. Notice the 
larsre namber of dead end streets and joys, the separation of the whole area into several 
sections by the railroads and the apparent lack of soperrision of the platting. 
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The police departments of our larger cities have found it necessary 
to appoint special officers to oversee and regulate the street traffic. 
Special traffic signs and signals have been developed in an effort to 
eliminate the dangers and delays due to the congested conditions 
existing in our down town districts, while special parking and driv- 
ing regulations are found necessary to relieve the new conditions. 

The solution of the traffic congestion problem, if there is a solu- 
tion, is a part of the replanning problem of our cities. What the 
final result will be can hardly be foreseen. Some authorities assert 
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Broad Street, Newcastle — Etch in onr smaller cities the traffic probleai is a real one. 
Notice, also, the larre number of advertisinv sirns. 

that decentralization of business is the proper and only feasible solu- 
tion. Others maintain that streets must be widened either by cut- 
ting through the buildings or arcading the sidewalks. The facts are 
that when the streets were originally laid out, there was no anticipa- 
tion of the automobile or the high office building, both of which are 
direct contributors to the traffic problem. 

An ideal system of streets in any city is one that provides effi- 
ciently for the flow of traffic. In an ideal arrangement, the streets 
in the retail district would be laid out in a rectangular pattern. 
Leading from business or manufacturing centers, there would be 
broad diagonal thoroughfares and in the outlying areas the homes 
of the citizens would be located on streets, the arrangement of which 
would depend upon the topography of the site. 

In the ideal layout, streets would vary in width. Enough paved 
area would be devoted to traffic purposes and no more. The zoning 
plans would enable the designer to anticipate his traffic needs and 
design each street to satisfy those needs. 

Our real problem in street planning today is to take what exists 
in our cities and try to approach the ideal arrangement. Few cities 
are wealthy enough to afford the expense incident to cutting new 
diagonal thoroughfares through built up blocks, nor is it always ad- 
visable to do so. 

A study of the situation and a vision of the future accompanied 
by the application of a large amount of common sense are all neces- 
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The cvrrcd atrect is aaedl to best adrantoc* in ttm U t t nm districts. 

sary to a reasonable solution of the problem. Certain streets will be 
found to be too narrow, others too wide. The objection to the 
streets which are too wide is the excessive cost of paving and 
maintenance. This can be well taken care of by devoting a greater 
width to the grass plot which could later be made more narrow if 
traffic needs should make it necessary. As for the streets which 
have been found too narrow, the time to widen is before the street is 
bordered by tall business buildings or apartment houses. 



GrMiileld, Indisna— An sttractive and well designed residence street. The street 
trees sre sn inip^rtont mrt sf tlM design. 
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CHAPTER V 



TRANSPORTATION 

From the sleepy-eyed camel jogging along an ancient Theban 
street Xo the Los Angeles floating over Washington is a long step in 
the advancement of civilization. The lapse of time between the 
camel and the airship is about sixty centuries. Practically all of the 
change in our methods of transportation has been made during the 
last hundred years. 

Although steam and electricity have made possible the city build- 
ing of today, they have, at the same time, brought transportation 
problems of much difficulty. The problem is closely connected with 
the street plan and can be worked out only with that in mind. Rail- 
way rights of way, grade crossings, and terminals in combination 
with narrow streets and heavy traffic present awkward puzzles. The 
solution must take into account railway tracks and terminals, inter- 
urban and street railways and, lately, motor bus lines as well. The 
transportation problem is not a series of individual problems deal- 
ing with a single form of transportation, but all forms must be co- 
ordinated into an evergrowing, single transportation system. 

Railways should be induced to elevate or depress tracks and to 
consolidate passenger terminals at some convenient location. Such 
union terminal must be accessible by streets adequate to the volume 
and character of the traffic which will result. Freight terminals 
accessible by wide streets with heavy-service paving, and having 



A Danffcr«M Grade CrMsinc. Iii4biiuip«lia — Elininatien ef these is • part of a 
conplete city plan. 
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East Washinfftoii and Noble Streets. InJianapolii — Grade seiwratioii recalts in better 
traffic conditions and materially decreases traffic accidents. 

adequate track facilities both at terminals and in the industrial dis- 
trict are of the highest 'importance to any considerable commercial 
or industrial development. 

The adjustment of the problem presented by the desire of every 
individual to be set down at the business center on the one hand, 
and the necessity of avoiding an intolerable congestion at that point 
seems to offer no single best solution. It has been met usually by 
looping car lines without coming to a common point or by through 
routing of cars. Care must be taken to secure adequate and con- 
venient car or bus service between the residential and the industrial 
sections. Bus service may be made to provide crosstown needs 
which have seldom been adequately cared for by street railways. 
The solution of the housing problem, always a troublesome one, de- 
pends to a large degree on transportation to the industrial district. 

Efficiency in the collection and distribution of passengers and 
goods is the goal to which transportation efforts are to be directed. 
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CHAPTER VI 



PARKS AND RECREATION FACILITIES 

The desire on the part of citizens of a community for parks and 
playgrounds is a natural one and the need for open spaces in the 
city, set aside for recreational purposes and for adornment of the 
civic structure, has been recognized in all ages. Many ancient cities 
were noted for their public parks and the beauties of the grounds 
surrounding their public buildings. In modern times practically all 
cities have parks and there is little opposition to the use of public 
money for park purposes. In fact, park commissions existed in 
cities years before serious thought was given to city planning as a 
function of the city government. 

It is hardly necessary to point out that the design of a system of 
parked areas with connecting drives or boulevards must be developed 
simultaneously with the street system, and that the zoning plans 
make possible the anticipation of park needs in the different sec- 
tions of the city. This results in a saving in that these areas can be 
secured at a lower cost before the adjacent lots are built up. 

Citi^ differ in character and vary in need for parks. The num- 
ber of parks or the number of acres devoted to parks which each city 
should have is a matter which cannot be definitely stated. Each city 
has its own problem; each park area its own peculiarity and its 
proper development is an individual problem. 
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The Wabftsh River bank ut Lafayette — ^The aaoal treatnent of a rirer front. 

Certainly, whenever a water feature exists within the city, such 
as a stream or lake, the banks should be set aside as park space. 
This adds not only to the attractiveness of the city, but also removes 
the usual unsightly and unhealthy conditions and prevents encroach- 
ments on the river bed which so often prove disastrous in times of 
flood. 



Fall Creek, Indianapolis — An ideal treatment of a stream liank. 
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Park areas vary greatly in size from the small triangle at a street 
intersection to the thousand acre municipal forest or country park. 
The location, use and size determine the character of the develop- 
ment. For the small triangle, grass and a few trees are all that are 
required while the larger parks need in some cases elaborate planting 
and grading plans. 

As a general rule and for the average Indiana condition, the city 
park need not be elaborately developed. Most cities have but one 
or two parks and these are used intensively. Provision for the 
greatest number of users should be the object of the park superin- 
tendent. Playground space may be set aside for the children and 
if size permits, tennis courts and baseball diamonds may find their 
places in the design. 

Trees and shrubs are the materials used by the landscape designer 
to create pictures, and it is in the location and planting of these that 
the park authorities need advice. There is so much to gain by a 
good design and so much of real value to lose by planting according 
ot a poor design, that too much emphasis on the necessity for the 
services of an expert cannot be made. 



UmthMkUr Coart H«mc. 1925— This is one of tlic Inest baildincs of its Icind in the stetc. 
It needs landscape treatiMnt in erder to brine oat its fall ralae. 
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The Court House at Delphi. 1925— In a few yean the ahrulM and trees will add materially 
to the beauty of this fine strvctare. 

The planting and care of the grounds surrounding our public 
buildings should be left to the park commission. It is here that 
altogether too many cities in the state are lacking. As a general rule, 
the architectural values of our court houses and city halls are credit- 
able. The settings, however, are not what they should be. 

Public school buildings and grounds are subject to practically the 
same criticism as the other public buildings. To give it space worthy 
of our modern conception of the needs of the high school student 
of today, the high school building should be located on an area large 
enough to accommodate all necessary accessory buildings and in 
addition provide sufficient playground space. 
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The working oat of a city 
plan for Madtran w o a I d. 
withoat qnestion, soon eliin- 
inato this ditch which runs 
throQffh the city. 



Slum conditions are some- 
times foond in oar small In- 
diana cities. A soninc ordi- 
nance makes possible the 
ffradnal elimination of 
nnhealthy snrronndinffs. 



Back yard scenes such as 
these are possible in all 
cities and towns. City plan- 
ininff and soninff principles 
applied to city baildinv pro- 
dace each pictares. 
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APPENDIX A 



SYNOPSIS OF THE INDIANA CITY PLANNING LAW 
(Laws of 1921, Chapter 209; Laws of 1923, Chapter 92) 

The city council of any city may create by ordinance a city plan- 
ning commission. 
The commission takes one of two forms : 

(a) It shall, except in cases mentioned under "(b)" below, consist 
of nine members, five being citizens holding no other office and 
appointed by the mayor, together with one member of the city 
council appointed by that body ; one member of the park board, 
the president of the board of public works, and the city engineer ; 

(b) If the city does not have a board of park commissioners, a board 
of public works or a city engineer, then the commission shall 
consist of seven members. At least four of these shall be citi- 
zens not holdirlg other public office. The council shall designate 
what officials shall make up the remaining number, with the re- 
striction that not more than one shall be a member of the coun- 
cil or of any one board. 

The five appointive members of the commission have over- 
lapping terms of office, one member of the first five serving for 
two years, two others for three years, and the remaining two 
for four years; after the original terms expire, all terms there- 
after being made four years. All members serve without com- 
pensation except for actual expenses incurred. The commission 
may appoint a secretary, and such engineers, architects, and em- 
ployees as are deemed necessary. 
The Commission shall have power : 

(1) To make surveys, studies, maps, and plans of a whole or parts 
of the city and of the surrounding country ; 

(2) To make recommendations as to the location, width and ar- 
rangement of streets and other public ways, bridges, and docks ; 
the location of parks, playgrounds, public buildings, and im- 
provements; the removal, relocation, or extension of existing 
public works ; the platting of ground into lots, streets, and alleys, 
and the location, relocation, and development of means of com- 
munication. 

(3) To prepare and submit to the council for its adoption ordinances 
regulating the height, area, and use of land by districts within 
the city, and regulating the location of particular kinds of busi- 
ness and the erection of structures for particular uses, in the in- 
est of the safety, health, morals, comfort, and convenience of 
the public. 

(4) To make studies as to housing conditions. 

(5) To carry out instructions of the council for enforcing the city 
plan. 
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(6) To make recommendation upon any proposed statuary, memo- 
rial, public structure, or appurtenance before a permit may be 
issued for the erection of the same. 

(7) To pass upon all plats or re-plats of lands laid out in lots or par- 
cels, with the portions designed to be dedicated to the public use 
within the city or within five miles thereof, before such plats 
shall be received for record. 

The city council shall appropriate and there shall be included 
in the tax levy an annual tax of not less than three mills nor 
more than five cents on each hundred dollars of taxable prop- 
erty. The proceeds of such levy shall be under the exclusive 
control and at the disposal of the commission. 

Reprinted by permission of Evansrille City Pianninff Commission. 
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Use and Care of Farm-House Telephones 

INTRODUCTION 

In Indiana there are several hundred mutual and co-operative tele- 
phone associations with several thousand connected telephones. In 
very many cases the lines have been built by the association and the 
instruments have been bought and installed by the individual mem- 
bers. In many of these organizations, no regular troubleman is 
employed and each member is supposed to maintain his own tele- 
phone instrument and section of the line. Frequently the service 
over an instrument or even on an entire line is interrupted by some 
defect which could easily be remedied were the proper information 
at hand. This circular is intended to provide information to assist 
in the proper care and use of the telephone. It is prepared, pri- 
marily, for those who have had little or no telephone experience, 
therefore, technical terms and descriptions have been eliminated as 
far as it is possible. 

WHAT THE TELEPHONE IS 

The telephone is an instrument for transmitting speech by elec^ 
trical means. It consists of two groups of parts; one group used 
for transmitting and receiving the voice and the other group used 
for sending and receiving signals so that the users may call and re- 
ceive calls. While the parts are necessarily delicate, they are not 
so complicated but that many ordinary repairs can be made by the 
owner of the instrument. The operation of a telephone is no more 
mysterious than that of an automobile, a sewing machine or a 
cream separator; devices that are in use everywhere and which are 
generally taken care of and operated by the user. Unlike these de- 
vices, however, the telephone only infrequently requires attention. 
It is so designed that it does not require frequent cleaning, oiling 
and overhauling. Ordinarily, the only time a telephone needs at- 
tention is when the batteries become exhausted or when some kind 
of trouble occurs. Until the telephone fails to operate properly, it 
is best left alone. When repairs are needed they should be prompt- 
ly made and in a permanent manner. 

FUNCTIONS OF THE VARIOUS PARTS 

If the home user of the telephone is to be able to give the instru- 
ment its ordinary care some understanding of the use of the various 
parts is helpful. Therefore, there is given the following ' 
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scription of the parts most commonly found in the rural line tele- 
phone. Fig. 1 shows an outside and an inside view of a typical 
instrument with the various parts indicated. 

Transmitter. — The transmitter is the device for receiving the 
sound waves produced by the voice and for converting them into 
the proper type of electrical impulses. 

Battery. — The battery usually consists of two or three dry 
cells to provide the current for the transmitter. A common mistake 
is the belief that the battery has other duties. It has nothing to do 
with sending or receiving rings or with receiving speech. A tele- 
phone will do all of these things just as well if the battery is re- 
moved entirely. 



Fiff. 1. Parts of the Telephone. 

Induction Coil. — The induction coil is a spool which has two 
windings of wire. The inside winding is of rather large wire and 
is called the primary. The outside winding consists of many turns 
of fine wire and is called the secondary. The primary winding is 
connected to the transmitter and battery and the secondary winding 
is connected to the receiver and the line. The purpose of the in- 
duction coil is to **step-up" or to increase the voltage or electrical 
pressure of the electrical impulses produced by the transmitter, so 
that they may be transmitted over the wire of the line. In a way, 
the action is similar to that of a spark coil used in gas engine 
ignition. 

Receiver. — The receiver is the device for converting into sound 
waves the electrical impulses received from the line. This is done 
by causing vibration of a thin iron plate called the diaphragm. 

Hook Switch. — The hook switch is the device upon which the 
receiver hangs when the telephone is not in use. It serves, not 
only as a convenient place for the receiver, but it also is arranged 
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to make a connection of the receiver to the line. It also makes a 
connection of the battery to the transmitter when the lever moves 
up as the receiver is lifted. 

Ringer. — The ringer is the device for receiving calls. It con- 
sists of two spools or coils of wire, a permanent magnet, a vibrating 
part mounted on pivots and a clapper rod for striking the gongs. 
Ringers are ordinarily designated as 1000 ohms, 1600 ohms or 2500 
ohms depending upon the resistance of the wire on the coils. 1600 
ohms is perhaps the most commonly used on farm line telephones 
but for most lines any of the three types will operate satisfactorily. 
As a general rule the longer the line and the larger the number of 
telephones, the higher should be the resistance of the ringers. The 
important thing, howez^er, is that the resistance of all the ringers on 
the same line should be the same. In the past, ringers as low as 80 
ohms have been made for use on private lines but they will not oper- 
ate satisfactorily on party lines. If such a telephone is connected to 
a party line it will prevent the proper operation of the other tele- 
phones on the line. On a farm line connected to a certain Indiana 
telephone exchange, one of the members had such a telephone and 
he was very proud of the fact that his telephone was "stronger" 
than any of the others on the line. As a matter of fact, his ringer 
prevented the other telephones from getting their proper share of 
ringing and talking current and the other members received very 
poor service because of this telephone. 

Generator. — The generator furnishes the electric current for 
ringing the bells on the line. It is really a small, hand driven dyna- 
mo. Generators are usually designated as three-bar, four-bar or 
five-bar depending upon the number of magnets. The power that a 
generator will deliver depends upon the number of bars or magnets, 
therefore, the number of bars should depend somewhat on the line. 
A three-bar generator is satisfactory for short and lightly loaded 
lines. A four-bar generator will serve for the ordinary line while 
the five-bar generator is needed for very long and heavily loaded 
lines. 

Condenser. — The condenser is not always used in the tele- 
phone. When it is used, it is connected in the circuit of the receiver 
and is used to improve the ringing over a line when receivers are off 
the hooks. If five or six persons are listening on a line, it is often 
impossible to ring the switchboard or other parties on the line. If 
all instruments are equipped with condensers, the rings will be re- 
ceived nearly as well as if all the receivers were hung up. The size 
commonly designated as 1/2 mf. (micro-farad) is the one most fre- 
quently used. 

Special Equipment. — In some cases telephones are provided 
with special devices such as push buttons for calling the switch- 
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board without ringing bells on the line, etc., but their use is not 
common and they will not be considered here. 

Connections of the Parts. — For the convenience of those who 
are interested, a simple diagram of the wiring connections of the 
various parts of the instrument is given in Fig. 2. Most of the later 
type telephones have a complete diagram of the wiring furnished 
with the instrument. By following the lines of Fig. 2, which rep- 
I'esent wires in the instrument, it will be found that the transmitter, 
battery and the primary of the induction coil are in a circuit which 
is complete in the telephone itself. (The fact that a portion of the 
wiring between the induction coil and hook switch is used by an- 
other circuit also, does not change this condition.) The circuit from 
the line passes through the secondary of the induction coil and the 
receiver. Both of these circuits are connected when the hook is up 
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Simplified Diagram of Connections of Bridffinv Telephone InstnimenU. 



and disconnected when the hook is down. If a condenser is used it 
is connected in the circuit with the secondary of the induction coil 
and the receiver. The ringer is connected directly to the line or is 
"bridged" across the two line wires. The generator is also con- 
nected across the line wires when the crank is turned and a connec- 
tion made by the springs mounted on the left hand side. 

THE TELEPHONE INSTALLATION 

Most rural telephones are installed on outside walls and it is usual- 
ly convenient to bring the line wires to a point near the telephone 
so that elaborate wiring is not necessary. On account of this, only 
a few suggestions regarding the simpler forms of installation will be 
given. 

Grounded and Metallic Lines. — Telephones may be connected 
either to metallic (two-wire) or grounded (single-wire) lines. In 
the latter case, the earth serves as a return circuit for the electric 
(Current. Grounded lines are probably most frequently used by co- 
operative telephone associations. They are the easiest to build and 
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maintain but are subject to a number of difficulties which can not 
be avoided. These include noise during stormy weather, cross talk 
between lines where two or more lines run parallel for any distance, 
and induction noises from electric light lines. Metallic lines, well 
built and maintained, will eliminate most of these difficulties and 
will provide a better grade of service. However, a poorly built 
metallic line is likely to be in continuous trouble due to the swinging 
of the wires together or "short-circuiting." 
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Fiff. 3. Recominended Method for Wiring Telephone Installation on Ground Return Wire. 

Details of the Installation. — In Fig. 3 is shown the method of 
installation that is recommended for grounded lines. For the wiring 
from the line wire to the instrument only copper wire with rubber 
and weatherproof cotton braid insulation should be used. The size 
of the wire should be No. 18 or No. 19 gauge (Brown and Sharp) 
and if twisted pair is used the job will be much neater. For fast- 
ening the wire between the protector and the telephone, a special 
staple with an insulating saddle or a special tack with an insu- 
lated head should be used. As these cost only a few cents a hun- 
dred, the use of plain tacks or staples has no excuse. Plain tacks 
and staples will rust and sooner or later cause trouble with the wire. 
Where the wire passes through the house wall, a small porcelain tube 
is recommended. This is the same type of tube used for electric 
light wiring. The hole for the tube should be bored so that the tube 
slopes down toward the outside to prevent water entering through 
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the hole. A small loop of wire should be left at the outside end of 
the tube so that any water that collects on the wire will drip off 
rather than follow the wire through the tube. For metallic lines 
both wires should go to the line wires and a separate wire should be 
run from the ground wire to the ground binding post on the light- 
ning arrester. 

Ground Connection. — One of the most important parts of the 
installation is the ground connection. On it depends the proper 
operation of the lightning arrester and on grounded lines, the 
efficiency of the talking and ringing of the line depends much upon 
it as well. Cases of poor service can frequently be traced to poor 
ground connections. Short pieces of wire, wagon rods, etc., seldom 
make satisfactory ground connections. The rod should be long 
enough to reach down to damp earth, and large enough so that it is 
not likely to be broken or pulled out by accident. One company, 
after much trouble with ground connections, adopted the practice 
of driving a nine- foot length of J^-inch galvanized pump rod and 
making a soldered joint as shown in the drawing in Fig. 3. Ground 
connection troubles disappeared entirely. 

Soldered Connections. — Another very important point is that 
all connections should be firmly soldered. Both copper and iron 
wire corrode when exposed to the weather. But if the two metals 
are in contact, the corroding action takes place much more quickly 
and a poor connection in the telephone wire results. To make a good 
soldered joint, the work must be made hot enough that the solder 
will flow freely into the space around both wires. Merely sticking a 
large mass of solder on the outside with a cold soldering tool will 
not make a good joint. Raw acid flux should never be used on cop- 
per wire ; the acid remains in the joint and continues to eat away the 
copper until the wire is eaten completely away. The joint on the 
ground rod is the most difficult to make and a blow torch furnishes 
the best method as the rod must be thoroughly heated and of course 
the surfaces must be perfectly clean. 

The Lightning Arrester. — Most manufacturers of telephone 
instruments for farm lines mount a lightning arrester on the tele- 
phone. This is probably done with the idea that, unless the arrester 
is furnished with the instrument, it may be omitted entirely. It is 
much better policy to install a separate arrester of an approved type, 
at a point just at the entrance of the wires to the house, than to de- 
pend upon the one furnished with the telephone. There are a num- 
ber of satisfactory arresters on the market for this purpose. When 
the telephone line does not run near high voltage electric light and 
power lines anywhere along its length, a simple lightning arrester 
without fuses is satisfactory. If power lines are near enough so 
that a contact between the power and telephone lines would be a 
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possibility in case of a break in either wire or a pole on either line, 
fuses should be provided in addition to the lightning arrester. Where 
fuses are used the mistake of using too small capacity should not be 
made. The use of 5 ampere or 7 ampere fuses is recommended and 
they should be of the enclosed type, that is, the fuse wire should be 
enclosed in a fibre, porcelain or clay tube. Among the satisfactory 
types of individual protectors are the following types : Without fuses 
— Western Electric, No. 60 type; Cook, No. 2 type; Reliable Elec- 
tric Co., No. 977 A or 977 AA types. With fuses— Western Elec- 
tric Co., 58 AP type ; Cook, No. B-7 ; Reliable Electric Co., No. 977 
B or 977 BE types. These are all standard makes of protector and 
will be found to be reliable in action. 

ro OuTstoe or HoujE / 




7b IfiSTwrre/fT 

HerMLicline Oifoutfo£o/.//it 

Fiff. 4. Method of Connecting Wires to Telephone Protectors. 

In mounting the protector, it should preferably be placed about 
seven feet above the floor. The types which do not have a solid por- 
celain base covering the entire space under the fuses should be 
mounted on an asbestos mat. On brick, tile or cement walls a 
wooden mounting board should be used under the arrester. The 
method of connecting typical protectors is shown in Fig. 4. All 
standard types have the binding post terminals marked so that 
there is no difficulty in identifying the posts to which the various 
connections should be made. 

SUGGESTIONS REGARDING CARE OF THE 
TELEPHONE 

As far as the outside or cabinet of the telephone is concerned, it 
should be treated as any other piece of furniture. The woodwork 
should be dusted just as any other piece of wood work ir "*- 
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The transmitter, gongs and other nickeled parts may be cleaned with 
any metal polish that is suitable for use on nickel, care being taken 
that the polish does not get inside where it may interfere with the 
working parts. Enameled metal parts such as the transmitter arm, 
should be cleaned with a cloth just as wood is cleaned. Water 
should not be used in cleaning the telephone as there is a possibility 
that the receiver cord or other insulated parts may get wet and 
trouble result. 

If the cabinet is kept tightly closed, little dust will accumulate in- 
side of it and it will seldom be necessary to clean the inside or work- 
ing parts. However, this may be done occasionally when the bat- 
teries are being replaced by wiping off or blowing out the dust. 

It seems that in many homes, the telephone is regarded as a sort 
of an extra shelf and the top becomes the storage place for miscel- 
laneous articles. Many telephone lines have been thrown out of or- 
der for hours and even days and telephone repairmen have driven 
many miles because some one left a pair of metal rimmed spectacles, 
a metal pencil, a small tool or a tinsel Christmas tree ornament on 
top of a telephone where it touched the connections and short-cir- 
cuited or grounded the line. It is best to keep the top of the instru- 
ment absolutely clear. 

SOME COMMON TELEPHONE TROUBLES 
AND HOW TO REPAIR THEM 

Just as in any piece of machinery, in time wear and use will make 
repairs to the telephone necessary. Many minor repairs can be made 
by the owner of the telephone, while some require the services of an 
expert and still others can only be made in the factory or by a re- 
placement of parts. Space will not permit a full discussion of all of 
the trouble that may occur and only the more common cases can be 
mentioned here. 

Frequently the telephone is blamed for trouble that really exists 
on the line. Many perfectly good telephone instruments have been 
thrown into the junk pile because the lines were not in good work- 
ing order. There is no telephone made that will give good sennce 
over a line that sags down onto the fences, where the insulators are 
broken and the wire rests on the poles or cross arms, where trees 
have grown up around the wire and where the wire itself is full of 
loop joints or where pieces of barbed fence wire have been spliced 
into the line c^ter breaks. No telephone in existence will give good 
service on a grounded line where the ground connection is not good 
or on any line where unsoldered joints between iron and copper wire 
are left exposed to the weather. 

In other cases, the telephone is blamed when the trouble is due to 
failure to use it in the proper manner. Probably the most common 
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fault in this respect is failure to talk directly into the transmitter. 
The telephone transmitter is designed so that the lips must be placed 
directly in front of the mouthpiece and not over one-half inch away. 
Yet many times, the telephone is used with the lips of the speaker 
turned to the side or several inches away. This may be due to loca- 
tion of the instrument in an inconvenient place or it may be due to 
carelessness. Tests have shown that the effect of talking with the 
lips a foot from the mouthpiece is just about the same as increas- 
ing the length of the line a hundred miles. The proper and improp- 
er ways of talking into the telephone are shown in Fig. 5. 



Proper Improper 

Fiff. 5. Proper and Improper Ways of Talking into the Telephone. 

Chart for Diagnosing and Locating Trouble. — When trouble 
actually exists in the instrument, it can be located much more easily 
if the symptoms are considered and some idea obtained as to which 
of the parts is likely to be to blame. As an aid, a chart is repro- 
duced from an article by P. Kerr Higgins, in Telephone Engineer, 
While many of the tests described, can only be applied by men 
familiar with testing instruments, the chart gives a valuable index 
as to the possible causes and location of the various kinds of 
trouble. Some of the trouble which may be found in the various 
parts are described in the following paragraphs. 

Transmitter. — The moderti types of transmitter seldom cause 
trouble. When trouble does occur in the transmitter, however, it is 
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usually impossible to make repairs in the field. The best plan is to 
return the part to the manufacturer who is equipped to make any 
repairs that may be necessary. A common case of trouble in the 
older types was **packing" or wedging of the carbon grains inside 
the transmitter. This can be remedied temporarily by tapping (not 
hammering) the transmitter case but if it is recurring, the only 
remedy is replacement of the transmitted by a modern type. 

Battery. — The battery is the short lived part of the telephone 
and must be replaced every few months. It is a good plan to place 
the date on the battery case when new cells are installed; in this 
way some estimate can be made of their condition. A battery is 
exhausted whenever damp spots appear on the pasteboard case. In 
connecting batteries, care should be taken that the connection is 
made from the carbon or center post of one cell to the zinc or out- 
side post of another. This should always be done with a short piece 
of insulated wire and the batteries should be so placed in the instru- 
ment that the covers are not in contact. The battery should not be 
blamed for all the trouble in the instrument. Its sole function is 
to furnish current to the transmitter and it has nothing to do with 
ringing or receiving rings or with receiving speech. 

Receiver. — The moving part of the receiver is a thin flat dia- 
phragm of iron. This diaphragm must be clamped tightly by the 
receiver cap, must be perfectly flat and must clear the ends of the 
receiver magnets by a small distance (a few thousandths of an 
inch). If it is bent so that it touches the magnets or is too far away 
the receiver will not operate properly. The cost of a new dia- 
phragm is only a few cents and a bent or rusted diaphragm 
should be replaced by purchasing a new one from the manu- 
facturer of the instrument. Dust or rust sometimes collects on the 
ends of the magnets and prevents proper vibration. This may be 
remedied by removing the cap and wiping ofi^ the interfering par- 
ticles. A receiver seldom gives good service with a broken shell or 
cap, or if the cord is worn or twisted. The rganufacturer can supply 
repair parts in these cases. Lightning sometimes burns out the fine 
wire of the receiver coils. This may be tested by tapping the termin- 
als of the receiver with wires from one of the dry cells. If clicks 
are heard the instrument is all right. If no clicks are heard it is 
probably burned out and must be rewound or replaced. Rewind- 
ing can only be done properly in a well equipped repair shop or at 
the factory. 

Induction Coil. — Trouble seld 
except that the windings are some 
is impracticable to make repairs ; 
shop or factory. In taking out an^ 
necessary to use extreme care to 
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when replaced. Primary and secondary terminals are marked on 
the spool heads and tags placed on the wires will aid in identifying 
them. 

Generator. — The generator does not require frequent atten- 
tion. A drop or two of a good light oil such as is used for guns, 
clocks or sewing machines, placed in the oil holes will keep the 
bearings lubricated for months. If the winding should be burned 
out by lightning, it can only be repaired where rewinding facilities 
are available. 

Ringer. — There are two adjustments of the ringer that some- 
times have to be made. One is the adjustment of the distance be- 
tween the pivoted bar, or armature as it is called, and the pole 
pieces. The manner in which this adjustment is made is different in 
different types of ringers and no rule can be given for doing it. It 
will be evident from an examination of the ringer as all the parts 
are in sight. The other adjustment is that of the gongs. The gongs 
should be set just far enough apart so that the striker will not touch 
them when pushed over by the fingers. When the ring comes in, 
the striker rod will spring enough to allow the head to strike the 
gongs and then spring away without deadening the vibration. 

In some of the older types of ringers, trouble due to the sticking 
of the armature to the pole pieces sometimes occurs. This may be 
due to worn or tight pivots or to the fact that the pole pieces (pro- 
jecting ends of the iron cores of the spools) have become perman- 
ently magnetized. If the trouble is chronic the latter is probably 
the cause and the only remedy is replacement. This trouble is 
avoided in modern types by proper design and the use of suitable 
materials. 

Condenser. — The condenser seldom gives trouble except in the 
rare cases when it is burned out by lightning. The only remedy is 
replacement. 

Lightning Arrester; — Trouble at the lightning arrester is usu- 
ally due to the deposit of carbon dust between the line and ground 
plates. It is a good thing to remove the carbon plates after a thun- 
der storm and brush off the surface with a piece of soft cloth. They 
should never be scraped with a knife as this increases the distance 
between the blocks and the protection afforded is reduced. The 
origrinal mica or other insulating separator should be used and no 
additional separation should be given between the carbon and the 
ground plates. Modern types of lightning discharge blocks such 
as furnished with the arresters recommended above seldom give 
trouble or require cleaning. 

If fuses are blown, they should be replaced by new ones. It is 
well to keep a few spare fuses on hand for this purpose. 
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INTRODUCTION 



The three-phase, four-wire system of distribution was first used 
commercially about twenty-five years ago, and immediately attained 
considerable popularity in foreign countries. Its adoption in this 
country, however, has been rather slow in the past, but it is now be- 
coming more nearly universal, as several distinct advantages result 
from its use. 

First, higher line to line voltages are possible for the same dis- 
tributing transformers; second, economy in copper results as the 
load factor of the circuit can be kept higher, since both lighting and 
power may be fed from the same circuit ; and third, the evils result- 
ing from unbalancing in three-phase, three-wire systems are effective- 
ly reduced in the four-wire system, as the unbalanced currents are 
carried in the fourth or neutral wire. 

However the adoption of this system immediately gave rise to a 
metering problem considerably more complicated than that of the 
three- wire system. To meet this situation several metering methods 
or combinations have been proposed from time to time. It is the 
purpose of this Bulletin to discuss these methods and to give the 
results of a study that was made of the comparative accuracy of these 
various metering methods. The experimental work was done by 
Messrs. E. W. Ritter and M. L. Potter, Jr., of the Class of 192d, 
under the supervision of the writer. 

The methods investigated were the following : 

1. The three-wattmeter method, Fig. 1. 

2. The two-wattmeter method, Fig. 2. 

3. The four-wire wattmeter method, using a third current ele- 

ment, Fig. 3. 

4. The two element polyphase wattmeter method, using two 

potential and three current transformers. Fig. 4. 

5. The two element polyphase wattmeter method, using three 

potential and three current transformers, Fig. 5. 

Part I of this Bulletin discusses the theory of each of these meth- 
ods and the reasons for and against their use. 

Part II describes the tests that were made, and draws conclusions 
therefrom concerning the relative accuracy of each method. 
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PART I 
A THEORETICAL DISCUSSION OF EACH METHOD 

It is well understood that, in general, there will be required one 
less complete wattmeter than there are wires, in any three-phase 
distribution system, to measure correctly the power being consumed 
therein. Thus in the four-wire system, there would theoretically be 
required three complete wattmeters or their equivalent to measure 
correctly the power. 

A brief theoretical discussion of the application of this principle 
to each of the methods enumerated above will now be given, to- 
gether with some of the practical reasons for and against its adop- 
tion, in order to show wherein a given method is or is not an equiv- 
alent. 

METHOD 1 
Three-Wattmeter Method 

Assuming sine wave quantities and symmetrical voltages and cur- 
rents, we have the relations existing in Fig. 6 (a) where E«, E*, Ec 
are the line to neutral voltages of the three phases and la, I^, Ic are 
the line currents which may or may not be in phase with their volt- 
ages. To take the most general case, assume each to lag its voltage 
by the angles a, p, and Y respectively. Then the general expres- 
sion for the power in each phase will be, 

(1) Po = Ea lo cos a, whcre lo cos a is the power component 
of the current in the top current coil. 

(2) Pft = El, lb cos p. 

(3) Pc = Ec Ic cos Y. 

From fundamental principles the total power will be the sum of 
the power in the separate phases or, 

(4) Po6c = Eo lo cos a + Eft Ift cos )8 -f Ec Ic COS Y. 

In the balanced condition assumed, Eo = Eb = Ec = E, lo = !& 
= Ic = I and a = )8 = Y = e. 

Therefore equation (4) becomes (5) Po6c = 3 EI cos where 
E is the line to neutral voltage, I the line current, and cos is the 
power factor. 

It is evident that three-wattmeters connected as in Fig. 1 will 
record respectively the quantities expressed in equations (1), (2), 
and (3), and that the sum of their registrations will record the quan- 
tity expressed in equation (4). Since each wattmeter is a complete 
and independent unit, it makes no difference whether the voltages 
and currents are equal or different, nor do the angles have to be the 
same. In other words, the deflection of wattmeter No. 1 is still pro- 
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portional to the product of Eo, lo, and cos a, no matter what the 
individual values of these quantities are, and whether or not they 
are equal to or different from the corresponding quantities in the 
other phases. 



Source 



lOfO 



SO{//^C£ 
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Fiff. 1. Wiring Diagram of Method 1. 



N 

Fiir. 2. 



Wiring Diagram of Method 2. 



Thus Method 1 will record the true power under any condition of 
balance or unbalance, assuming each wattmeter to be properly cali- 
brated in itself. For this reason Method I offers a good standard 
for comparison, and was the one used in Part II of this Bulletin 
for that purpose. 

Although theoretically accurate, this method has met with some 
opposition in commercial practice because of the expense of the ad- 
ditional wattmeter and the necessity of reading and adding three 
separate registrations. Today this latter objection is not so impor- 
tant, as there are on the market three-element totalizing wattmeters. 

METHOD 2 

Two- Wattmeter Method 

This method, which theoretically stands at the other end of the 
accuracy list, was included here simply to show that, except in the one 
case of virtually perfect balance, it can not be used for even an ap- 
proximation of the power consumed in a four-wire system. 

Although this is the best known and most universally used power 
measuring scheme for polyphase circuits, and therefore has a strong 
appeal to the average meterman, it is out of the question from the 
standpoint of accuracy. 

As an illustration, take the extreme case of a load connected from 
line b to neutral only. Fig. 2. However large this load might be, 
nothing whatever would be recorded on the wattmeter. 
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METHOD 3 
Four- Wire Wattmeter Method 

The four-wire polyphase meter shown in Fig. 3 has four equal cur- 
rent coils, two on each element of the meter. Coils 2 and 3 are 
wound in the reverse direction to 1 and 4 respectively, and 
connected in series with each other and that line wire to which no 
potential lead is attached. The effect of this is to reverse the vector le, 
of Fig. 6(a), so that it makes the angle (60 — P) with Ea and (60 
-|- P) with Ec. The part of this current which is effective in pro- 
ducing torque in the meter in each case is !& cos (60 — )8) and I^ 
cos (60 -j- P), The power equation of the meter will then be, 






EM] 

— Uaaa 






Fiff. S. Wiring Diagram of Method S. 

(6) Po6o = Eolo cos a + EoU COS (60 — jS) + EJft cos (60 
+ )8) + Eclo COS Y. 

By well known trigonometric formulas, equation (6) may be put 
in the following form, 

(7) Pobc = Eala cos a + i^ l6 (Ea + Ec) COS p + EJc COS Y. 

In the case of balanced voltages assumed, Ea + Ec is numerically 
equal to 2 Eb, therefore equation (7) becomes Pabc = E^Ia cos a 
4- Eftlb cos P + Eclc cos Y, which is identical with equation (4) for 
the three-wattmeter method. 

This principle is shown graphically in Fig. 6 (a) by the dotted 
vectors. Here !& reversed lags the vector sum of Ea and Ec by the 
same angle p that !& lagged Eb. 

The vector sum of Ea and Ec is equal and opposite to Eb, and it 
is evident that the combination that is effective in producing torque 
is (Ea + Ec) (—lb cos P) = — Eb X — lb cos iS = Ebib cos p. 

It is also obvious from an inspection of this Fig. 6 (a), that the 
above proof is based on a balanced symmetrical system. Therefore 
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any unbalancing of the voltages will spoil this symmetry and there- 
by introduce an error in the registration of the meter. 

Supposing, for example, that an excess, in phase current flows in 
line b to which no potential lead is attached. This will cause a great- 
er drop in line b than in either line a or c, and also a drop in the 
neutral because this excess current returns to the source through the 
neutral. 

This latter drop will cause the neutral point to shift along that 
voltage vector in which the excess current existed. These two ef- 
fects are shown in Fig. 6 (b), where the excess drop in the line b is 
equal to LP and the drop in the neutral due to the excess current 
in line b is equal to NO. 

The meter should read the voltage Eb = PX but as seen in equa- 
tion (7) above it actually reads Ea + Ec = NQ = NO + OM -f 
MQ. Since NRQS and ORMS are parallelograms, NO =z MQ, 
and as OM and OL are radii of the same circle OM = LP + PN 
-f NO. Making these substitutions we get Ea + Ec = NO + LP 
+ PN + NO + NO = PN + LP + 3 NO. 

Therefore the error introduced in the registration of phase b is 
LP + 3 NO. This means that the error is equal to the excess drop 
in the line b plus 3 times the drop in the neutral. For the particular 
case shown in Fig. 6 (b) the cross section of the neutral is assumed 
to be the same as the line wires so that LP = NO. 

If the excess in phase current had occurred in one of the lines to 
which a potential lead is attached, such as line C, it will produce the 
effect shown in Fig. 6 (c). In this figure NR is the resultant of 
Ea and Ec. 

This vector NR should be equal and opposite to Et or equal to 
NQ if the meter is to record correctly the power consumed in phase 
b. We see, however, that in addition to a difference in magnitude 
there is a difference in position. Each of these differences will pro- 
duce an error in the registration of the meter. 

The problem of calculating these two errors becomes very com- 
plicated especially on inductive loads, as then the excess drops will 
no longer be in phase with the voltages. For an approximate rela- 
tion the reader is referred to a paper by Mr. G. W. Stubbins* who 
points out that the unbalances customarily met in commercial prac- 
tice probably are not of sufficient magniture to cause appreciable er- 
rors except at low power factors. 

The chief objection to this method by metermen seems to be that 
it is a special meter, requiring special testing methods with which 
they are not as familiar as with those for the two wire meter. 

•G. W. stubbing. London Electrician. Vol. 87. Dec. 16. 1921. Pa^e 754-5. 
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METHOD 4 
Two-Element Polyphase Wattmeter Method 

The same principle discussed in Method 3 may be appHed by us- 
ing three current transformers connected in a closed delta on the 
secondary side, and by using the ordinary polyphase meter as shown 
in Fig. 4. 




Pic. 4. Wiring Diagram of Method 4. 

If the current transformers are properly connected the current ia 
from transformer A will flow from 1-2-3-4-5-6, the current ic from 
transformer C will flow from 5-4-7-8-9, and the current i^ from 
transformer B will flow from 10-9-8-7-4-3-2-1-11. Thus this cur- 
rent ih circulates through both elements and therefore reacts with 
both voltage elements exactly as it did in the four-wire meter of 
Method 3. 

The top current coil will have in it a resultant current {ia — ic) 
flowing in the same direction as the voltage in the top voltage coil. 

The bottom current coil will have in it a resultant current (4 — 
it) flowing in the reverse direction to the voltage. This produces 
the same torque as a current — {it — ic) or {ic — ih) flowing in the 
same direction as the voltage. 
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The phase relations of these currents and vohages are shown in 
Fig. 6 (d). From this figure we see that the current (!& — Ic) re- 
versed is (Ic — Ift) and that as far as the meter is concerned the 
relations are the same as those of Fig. 6 (a). 

Taking each component of the resultant current in each element 
separately we can write the power equation of this combination as 
before, where Fahc = Ea la cos a + Hah cos (60 — p) + EJ^ 
cos (60 + P) -\- EJc cos Y. As previously shown, this equation is 
equal to EJa cos a + Ubh cos p -f EJc cos Y. 

Using the notation of equation (5) and Fig. 6 (d) we can work 
out a proof using the resultant currents as follows. The top element 
current is (!« — h) = \^3la= V3I. This current is out of phase 
with the voltage Ea = E in this element by the angle (30 — a) = 
(30 — 0). That part of the power measured by the top element 
is then y/3 EI cos (30 — 0). 

The bottom element current is (Ic — h) = V3 Ic = V^ I. This 
current is out of phase with the voltage Er = E in this element by 
the angle (30 + Y) = (30 + 0). _That part of the power meas- 
ured by the bottom element is then V3EI cos (30 -j- 0). 

The total power is 

Fabc = V3 EI cos (30 — 0) + V3 EI cos (30 + 0). 
= V3 EI [cos (30 — 0) + cos (30 + 0) ]. 

= V3 EI (-^cos0J 
= 3 EI cos 0. 

It is obvious that this Method is subject to the same inherent er- 
rors as Method 3, and needs no further elaboration. The principal 
advantage of this method is that it uses standard apparatus normal- 
ly kept on hand, and familiar to all metermen. On the other hand. 
some difficulty is experienced in getting the three current trans- 
formers connected in the circuit properly, so that none is reversed. 
One other point in connection with this method is, that current trans- 
formers must always be used regardless of the actual capacity of the 
load to be measured. 

METHOD 5 

Two-Element Polyphase Wattmeter Method with Three 
Voltage Transformers 

This method is identical in theory with Method 4, but varies from 
it physically in having an extra voltage transformer, so connected as 
to form a closed delta on the secondary side. Since open delta power 
transformers have an inherent voltage unbalance and also produce 
a phase angle error at low power factors it was thought that open 
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delta voltage transformers might produce a similar effect. It has 
been suggested that by closing the delta with a third voltage trans- 
former these difficulties would be eliminated. Also it was thought 
that circulating currents might tend to reduce the effect of primary 
voltage unbalance upon the meter. 
^{/^r:£ AAA lo/fo 



bH\ 



7v4- 



B 



VW^r 



vVSA/J WwJ WwT 



N 



LvSAr 



"WAA/^ 



./WW- 



f-VsAr 



Fiff. 5. Wiring Diagram of Method 5. 

In order to test this out Method 5 was included in the tests, al- 
though the arrangement is not in as common use as the other 
methods. 

PART II 

EXPERIMENTAL DETERMINATION OF COMPARA- 
TIVE ACCURACY OF THE METHODS INVESTIGATED 

Pertinent to any discussion of meter accuracy is the question of 
the magnitude of the errors existing under practical conditions. But 
when the answer to this question depends upon the magnitude and 
distribution of the unbalancing among the several phases, as itdoes 
here, a complete answer is impossible, as there are evidently an 
infinite number of such conditions. 

We are, therefore, forced to confine ourselves, at the outset, to a 
representative set of conditions, drawing therefrom as many gen- 
eral conclusions as seem legitimate. 
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Data for this work were obtained by comparing Methods 2 to 5 
inclusive with Method 1. This was done by putting the current ele- 
ments of all methods in series with a common non-inductive load, 
so regulated that the current flowing in any wire could be readily 
varied. The potential elements were arranged in parallel, and a 
phase shifter was used in order to obtain any desired power factor. 
lagging or leading. This circuit is shown in Fig. 7. 
ra) 




Fiff. %, 



Vector Dlaffrmmt Illuttratinff Three-Phaac, 



Four-Wire Power Measoremont. 



Power was supplied at 110 volts and 60 cycles from a sine wave 
alternator, with provision for inserting a constant resistance in each 
main lead, when unbalanced voltages were desired. 

The settings of the phase shifter were determined under balanced 
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conditions for 100 per cent, 85 per cent, 75 per cent, and 50 per cent 
leading and lagging power factors and always turned to these set- 
tings for the corresponding power factors on unbalanced conditions. 

For each condition of balance or unbalance seven complete de- 
terminations were recorded, one for each of the seven power fac- 
tors. Thus in Tables I and II, each test represents seven determina- 
tions all at different power factors. 

Columns 2 to 7 inclusive of both tables give the approximate com- 
binations of unbalances that were decided upon as covering all the 
necessary conditions. 




aasso 



Fiff. 7. Wiring DUffram of CIrcalt Us«d. 



The twelve columns under the heading Percent Error in Table I 
give in condensed form the results of the tests. The columns maxi- 
mum fast and maximum slow are here used to mean the extreme fast 
error and the extreme slow error. The average fast and average slow 
columns give the numerical average of the fast or plus errors and 
the minus or negative errors. The number of determinations av- 
eraged to determine the average fast and average slow columns is 
placed to the left of the division line in bold face type. Since there 
were seven determinations for each test, one for each power factor, 
the sum of these numbers should equal seven. If they do not, as 
in Test 4, Method 3, the difference is the number of readings in 
which the method in question gave a correct indication of the power 
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Table II. — Order of Best Performance of Three Phase Four- 
Wire Metering Methods. 



Per Cent of Full Load 



Test 
No. 



Currents 



Voltage 



PhA PhB PhO PhA PhB 



PhC 



Methods Arranged in Order 
of Greatest Accoracy 



100 



100 



100 I 100 



2 
3 

4 


60 
80 
100 


80 
100 
60 


100 
60 
80 


100 
100 
100 


100 
100 
100 


100 
100 
100 


6 

? 



100 
100 


100 


100 i 


100 

100 




100 
100 1 

100 1 


100 
100 
100 


100 
100 
100 


8 
9 
10 



100 
60 


60 



100 


100 1 
60 1 
1 


100 
100 ' 
100 ' 


100 
100 
100 


100 
100 
100 


11 
12 
13 


100 




! 

100 
1 


?! 

100 j 


100 1 
100 
100 ' 


100 
100 
100 


100 
100 
100 


14 
15 
16 


100 
80 
100 


80 ' 
100 1 

100 1 


100 
100 

80 1 


100 
95 ' 
110 1 


96 

110 
100 


110 
100 
95 


17 
18 
19 



80 
100 


100 ' 

80 


80 , 
100 



100 
95 
110 


96 
110 
100 


110 
100 
95 



2. 3. (4 St 5) 

3, (4 A5\2 
3, (4&5). 2 
3, (4 A 5). 2 

3. (4*5). 2 
3. (4 A 5). 2 
8. (4 A 5). 2 

3, (4 A 5). 2 
3. (4 A 5). 2 
(4 A 5), 3. 2 

(4 A 5), 8. 2 
8. (4 A 5). 2 
3, (4 A 5). 2 

3. (4 A 5), 2 
3. (4 A 5). 2 
(4 A 5). 3. 2 

3. (4 A 5). 2 
3. (4 A 5). 2 
3. (4 A 5) 2 



in the circuit. If a method showed all determinations high the 
symbol •/o appears in the average slow column. If the lowest read- 
ing a given method gave happened to be a correct indication of the 
power in the circuit, the symbol ooo will appear in the maximum 
slow column. If the meter stopped or read zero for actual consump- 
tion of power the symbol 100.0 — appears in the maximum slow 
column. 

The last column of Table II gives the order of best performance 
of the several methods. It was deduced from a study of the average 
fast and slow columns of Table I. Except for a few close decisions 
the order is obvious. For these a little study of the relative magni- 
tudes will show a balance in favor of the order shown. 

CONCLUSION 

After a study of Table I, together with the individual tests, data 
for which are not included, we may safely say that for all ordinary 
conditions the three-phase, four-wire meter of Method 3 gave re- 
sults that are comparable with the Standard Method 1. In fact, the 
two methods checked so closely at times, that no appreciable error 
was noticed. It must be remembered, however, that this method 
was used without instrument transformers, and that any error due 
to them is absent. 
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As was predicted, Method 2 was very inaccurate except in test 1 
where balanced conditions existed. 

The results of Methods 4 and 5 were identical in all tests and 
were, on the average, somewhat higher than the standard method. 
Part of this was undoubtedly due to errors in the instrument trans- 
formers, as the meter itself was carefully checked against the stand- 
ard, and found to be correct. These two methods, under practically 
all conditions of load, power factor, and voltage gave results that are 
next in order to Method 3. In a few instances, such as balanced two 
phase loads and voltages, and single phase loads, these results were 
better than those of Method 3 on leading power factors. This fact 
may be due to the transformers having a lagging phase angle error 
and because of the leading power factor loads, this lagging phase 
angle error helps to make the meter readings more accurate. How- 
ever, this would have the reverse effect on lagging power factors. 

It therefore seems safe to recommend. 

First, that Method 2 is hopelessly inaccurate and should never be 
used. 

Second, that since Method 5 did not show any improvement over 
Method 4 under any of the conditions of the test, it therefore in no 
way justifies the additional expense and complications of the third 
voltage transformer. 

Third, that without instrument transformers. Method 3 is slight- 
ly better on the average than Method 4. 

Fourth, that with instrument transformers, Method 4 is probably 
equally as good as Method 3. 

Fifth, that for very accurate metering Method 1 must be used. 

Sixth, that for the measurement of large amounts of energy, 
where even a slight increase in precision quickly amounts to appre- 
ciable savings, Method 1 is strongly recommended especially if any 
appreciable voltage unbalance is likely to occur or where the power 
factor is liable to be low. 
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PREFACE 



This year's Road School has excelled all previous attempts, 
not only in attendance, but also in the value of the very prac- 
tical program. This success is due primarily to the splendid 
co-operation on the part of the interested Purdue Officials, 
and also the three major co-operating organizations. 

The classified registration was as follows : 

State Highway Officials 58 

County Highway Superintendents 82 

Asst. County Highway Superintendents 15 

County Surveyors 75 

Deputy County Surveyors 5 

County Commissioners 19 

City Officials 30 

Contractors 17 

Materials and Equipment men 82 

Miscellaneous 52 

Total 435 

The total registration was practically the same as that of 
last year. 

This year the County Sui^veyors were compelled, for the 
first time, to attend by law, and, as a result, we had an atten- 
dance of seventy-five from this group. The counties whose 
surveyors failed to attend the Road School are as follows: 

Brown Jennings Ohio Spencer 

Decatur Johnson Owen Switzerland 

Floyd Martin Perry Union 

Harrison Monroe Posey Wells 

Eighty-two County Highway Superintendents were pres- 
ent. Tlie missing counties being: 

Brown LaGrange Perry Sullivan 

Crawford Orange Spencer Vigo 

Dubois Owen 

The four-year term of office for County Highway Super- 
intendents ended December 31, 1925, and as a result there 
were many new men at the school this year. Fifty-two of 
the ninety-two Highway Superintendents are new this year. 
This represents a turnover of 56.5%. 

(4) 
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Only two new county sui^veyors took office this year. 

The Dinner-Smoker held on Monday evening in the Union 
Building was attended by 212 men which is practically 100 
more than attended a similar event last year. Mr. Harry 
Leslie, Speaker of the House, Indiana State Legislature, and 
Mr. R. M. Southworth, Indiana State Senator, were the prin- 
cipal speakers. The members of the Contour Society, (hon- 
orary Civil Engineering society) , co-operated splendidly in pro- 
viding entertainment for this affair and the entire member- 
ship attended. 

The annual banquet held on Thursday evening in the 
Union Building was undoubtedly the best affair of its kind ever 
held at Purdue. There were 357 men present and splendid 
addresses were made by Dr. W. K. Hatt, as toastmaster, Pres- 
ident E. C. Elliott, of the University and Mr. John Brown, 
chairman of the Indiana State Tax Commission. Due to the 
serious illness of his wife, Governor Jackson was unable to 
be present at the banquet as he had planned, and Mr. Brown 
was sent as his representative. An interesting innovation 
at the banquet was the broadcasting of the orchestra music 
and the addresses of the evening. This was made possible 
tlirough the courtesy of the School of Electrical Engineering 
with Mr. Harry Clark announcing. 

The old officers of the County Highway Superintendents' 
Association worked up a banquet (rather on the spur of the 
moment) which was held in the roof garden of the Fowler 
Hotel, Wednesday evening. The invited guests included Dr. 
Hatt, Professors Eriksen, Knapp, Petty and Leister, Mr. H. 
G. Leslie and Mr. Fred Connell. President Elliott was un- 
able to be present. 

The new officials elected by the co-operating associations 
are as follows : 

COUNTY HIGHWAY SUPERINTENDENTS' 
ASSOCIATION 

Matt Foster, Evansville President 

Wm. Tonkel, Ft. Wayne Vice-President 

Fred Hubbell, Angola Secretary-Treasurer 

COUNTY SURVEYORS' ASSOCIATION 

Don Heaton, Fowler President 

R. W. Meisinger, Evansville Vice-President 

C. K. Wallace, East Chicago Secretary-Treasurer 



Digitized by VjOOQIC 



6 PURDUE ENGINEERING EXTENSION DEPARTMENT 

CITY STREET COMMISSIONERS' ASSOCIATION 

A. A. Girton, Shelb)rville President 

Charles Buck, Madison Vice-President 

H. H. Blunk, Martinsville Secretary 

W. M. Williams, Newcastle Treasurer 

This year, for the first time, we provided for separate ses- 
sions of the different groups during the last day of the School. 
This proved highly satisfactory and more time will be allotted 
to these separate sessions in future Schools. 

March 1, 1926. B. H. P. 
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PROGRAM 

(Meetings held in Room 101 Civil Engineering Building except as noted) 



MONDAY, JANUARY 18th 

Morning 

Registration at Civil Engineering Building. 

Afternoon 

Presiding— Prof. W. A. Knapp, Professor in Charge, 
Engineering Extension Department, Purdue University. 

Address of Welcome — 

Professor W. K. Hatt, Head, School of Civil Engineering, Purdue 
University. 

Replies — 

Mr. George E. Hershman, Member, Indiana State Highway Commis- 
sion. 

Mr. W. 0. Jones, President, Indiana County Highway Superintend- 
ents' Association. 

Mr. Don Heaton, President, Indiana County Surveyors* and County 
Engineers' Association. 

Some Policies of the Indiana State Highway Commission — 

Mr. George E. Hershman, Member, Indiana State Highway Commis- 
sion. 

Selection of a United States Highway System with Standard Highway 
Signs — 
Mr. E. W. James, Chief, Division of Design, U. S. Bureau of Public 
Roads, Washington, D. C. 

Evening 

Dinner-Smoker in Purdue Memorial Union Building. 

Presiding — Prof. Ben H. Petty, Asst. Prof, of Highway Engineering, 

Purdue University. 
Addresses — 

Hon. H. G. Leslie, Speaker of the House, Indiana State Legislature. 
Hon. R. M. Southworth, Indiana State Senator. 
Songs — Movies — Stunts — Smokes. 

TUESDAY, JANUARY 19th 

Morning 

Presiding — Prof. Ben H. Petty, Assistant Professor of Highway Engi- 
neering, Purdue University. 

Use of Rock Asphalt and Emulsified Asphalt on County Roads — 
Mr. S. B. Mylin, Wabash County Highway Superintendent. 

Discussion — 

Mr. George Dix, Clark County Highway Superintendent, 

(7) 
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Economical Design of Concrete and Other Hard Surface Pavements — 
Mr. Frank T. Sheets, Chief Engineer, Illinois Division of Highways. 

Discussion — 

Some Pointers on Bituminous Macadam and Surface Treatment Road 
Work- 
Mr. E. B. Lockridge, District Engineer, Indiana State Highway Com- 
mission. 

Discussion — 

Mr. H. C. Offutt, District Engineer, Indiana State Highway Com- 
mission. 

Afternoon 

Presiding — Mr. Don Heaton, President, Indiana County Surveyors* and 
County Engineers' Association. 

The County Surveyor's Responsibilities in the Building of County 
Roads — 
Mr. Homer Teeters, Jay County Surveyor. 

Discussion — 

Mr. Dave Harker, Clinton County Surveyor. 

Greater Safety at Railroad-Highway Crossings (Illustrated) — 

Mr. Chas. E. Hill, General Safety Agent, New York Central Lines. 

Discussion — 

The County Surveyor's Organization for Field and Office Work — 
Mr. H. D. Hartman, Wabash County Surveyor. 

Discussion — 

Mr. Wm. Morthland, Porter County Surveyor. 

WEDNESDAY, JANUARY 20th 
Morning 

Presiding — Mr. W. 0. Jones, President, County Highway Super- 
intendents' Association. 

Construction of Small Concrete Bridges and Culverts — 

Mr. H. A. Blunk, City Engineer, Martinsville; ex-Morgan County 
Highway Superintendent. 

Discussion — 

Mr. C. T. McCoy, Howard County Highway Superintendent. 

Review of the Work of the Division of Maintenance, Indiana State High- 
way Commission — 
Mr. A. H. Hinkle, Superintendent of Maintenance, Indiana State 
Highway Commission. 

Discussion — 

Drainage Features on County Roads — 

(a) The Engineer's Viewpoint: 

Mr. George R. Harvey, Hendricks County Surveyor. 

(b) The Maintenance Viewpoint: 

Mr. Wm. Tonkel, Allen County Highway Superintendent 



Digitized by VjOOQIC 



TWELFTH ANNUAL ROAD SCHOOL 9 

Afternoon 

Presiding — W. A. Knapp, Professor in Charge, Engineering 
Extension Department, Purdue University. 

Efficient Co-operation Between the County Surveyor and Highway 
Superintendent — 
Mr. Paul U. Lannard, Huntington County Surveyor. 

Discussion — 

Mr. Byron Piatt, Dekalb County Highway Superintendent. 

Traffic Obstacles- 
Mr. Howard R. Olson, Engineer, Chicago Regional Planning Asso- 
ciation. 

Discussion — 

Improvement of Township Roads — 

Mr. Clyde Piper, Fayette County Highway Superintendent. 

Discussion — 

THURSDAY, JANUARY 21st 

Morning 

Presiding — Mr. A. H. Hinkle, Superintendent of Maintenance, 
Indiana State Highway Commission. 

An Experimental Road in St. Joseph County — 

Mr. A. C. Mangus, St. Joseph County Highway Superintendent. 

Discussion — 

Mr. P. R. Gillin, St. Joseph County Engineer. 

Road Maintenance Methods — 

Mr. B. C. Tiney, Maintenance Engineer, Michigan State Highway 
Department. 

Discussion — 

Construction of Stone Roads — 

Mr. E. D. Nesbitt, Jasper County Surveyor. 

Discussion — 

Mr. J. R. Deardurff, Newton County Surveyor. 

Construction of Gravel Roads — 

Mr. C. C. Kain, Dekalb County Surveyor. 

Discussion — 

Afternoon 

Presiding — Prof. Ben H. Petty, Assistant Professor of Highway 
Engineering, Purdue University. 

Maintenance Equipment — 

Mr. Harry J. Kirk, State Highway Engineer, Ohio Division of 
Highways. 

Discussion — 

£k:onomical Design of Road Structures — 

Mr. W. J. Titus, Chief Engineer, Indiana State Highway Commission. 

Discussion — 

3-05805 
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Concrete Facte (demonstration) — 

Prof. R. B. Crepps, Assistant Professor of Testing Materials, Pur- 
due University. 

Discussion — 

Mr. P. D. Meisenhelder, Testing Engineer, Indiana State Highway 
Commission. 

Evening 

Annual Banquet in Purdue Memorial Union Building. 

(Program broadcast from Purdue Radio Station W. B. A. A.) 

Presiding — Prof. W. K. Hatt, Head, School of Civil Engineering, 
Purdue University. 

Addresses — 

President E. C. Elliott, Purdue University. 
Mr. John Brown, Chairman, Indiana Tax Commission. 
Annual Meetings of Co-operating Associations. 

FRIDAY, JANUARY 22nd 

(Note — Separate sessions scheduled) 

GENERAL PROGRAM FOR CITY OFFICIALS. 
Lecture Room No. 101, Civil Engineering Building. 

Morning 

Presiding — ^Prof. G. E. Lommel, Associate Professor of Topo- 
graphical Engineering, Purdue University. 

Maintenance of Gravel Streets — 

Mr. E. D. Canatsey, Morgan County Surveyor. 

Discussion — 

Mr. E. B. Vawter, City Engineer, West Lafayette. 

The City's Share in Our Traffic Problems- 
Mr. W. P. Cottingham, City Engineer, Gary. 

Discussion — 

Afternoon 

Laws Governing Municipal Improvements — 

Mr. W. S. Moore, Consulting Engineer, South Bend. 

Patching and Resurfacing City Pavements — 
Mr. D. B. Davis, City Engineer, Richmond. 

Discussion — 

Mr. Claude Draper, City Engineer, Lafayette. 

Discussion — 
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FRIDAY, JANUARY 22nd 
COUNTY HIGHWAY SUPERINTENDENTS. 

Morning 

Ball Room, Memorial Union Building. 

Presiding — Mr. W. 0. Jones, President, County Highway Super- 
intendents' Association. 

Roadside Weed Cutting — 

Mr. J. F. Crowe, Porter County. 
Mr. Frank Marks, Dubois County. 

Stone Road Maintenance — 

Mr. W. S. Parks, Jasper County. 

Size and Quality of Maintenance Gravel — 
Mr. W. H. Jarrett, Tipton County. 
Mr. John E. Ferrier, Carroll County. 
Mr. M. M. McCloskey, Warren County. 

Daily Reports — 

Mr. W. F. Eberhart, Huntington County. 
Mr. Elmer Blue, Putnam County. 
Mr. Matt Foster, Vanderburg County. 

Afternoon 

Room No. 101, Civil Engineering Building. 

Presiding — Mr. Matt Foster, Vice-Pres., County Highway Super- 
intendents' Association. 

Heavy Grading Equipment — 

Mr. S. N. Johnson, Clinton County. 
Mr. K. H. Dimmich, Benton County. 

The Value of Local Annual Meetings for County Road Men — 
General Discussion. 

Taking Township Roads Into the County System — 
Mr. W. 0. Jones, Wayne County. 



FRIDAY, JANUARY 22nd 
COUNTY SURVEYORS AND ENGINEERS. 

Morning 

Reception Room, Memorial Union Building. 

Presiding — ^Mr. Don Heaton, President, County Surveyors* and 
County Engineers' Association. 

Improving Local Grav< " " - - - 
Mr. Fred Hubbell, 

Discussion — 

Surveys and Plans for 
Mr. Wallace South 

Discussion — 
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Inspection on County Roads — 

Mr. R. W. Meisinger, Vanderburg County. 
Mr. Donald Lessig, Kosciusko County. 
Mr. H. J. Lemme, Dubois County. 

Right-of-Way Widths- 
Mr. Harley K. Spears, Lagrange County. 
Mr. Don B. Thomas, Hancock County. 
Mr. Earl Alexander, LaPorte County. 

Afternoon 

Room No. 1, Civil Engineering Building. 

Presiding — Mr. William Parrett, Vermillion County Surveyor. 

Care and Adjustment of Levels and Transits — 

Prof. G. E. Lommel, Associate Professor of Topographical Enginee*^ 
ing, Purdue University. 

Discussion — 

Design of Small Truss Highway Bridges — 

Prof. E. L. Eriksen, Professor of Structural Engineering, Purdue 
University. 

Discussion — 

Sub-Drainage — 

Mr. Don Heaton, Benton County. 
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SOME POINTERS ON BITUMINOUS MACADAM AND SUR- 
FACE TREATMENT ROAD WORK 



By Earl B. Lockridge, 
District Engineer, Indiana State Highway Commission. 



Bituminous macadam, also known as penetration macadam 
because of its type of construction, is probably done an in- 
justice more frequently than most any other type of pavement 
through inferior construction, attempts to construct too 
cheaply, and the salvaging of old gravel and stone surfaces 
that are not worthy of the consideration given them. 

The quantity and quality of material that combines to 
make this pavement is of the utmost importance, yet no less 
important is the skill and judgment of workmen who assemble, 
rake, spread, penetrate, roll and mould these ingredients into 
the final compact surface. Weather conditions are a factor 
and must always be taken into account, low temperatures and 
dampness being especially objectionable. Unlike some types 
of pavement wherein costly mechanical appliances have been 
provided, which, if operated by honest hands, will do uniformly 
good work, the degree of refinement and perfection of a bitu- 
minous macadam job depends to a large extent upon the 
skill of workmen and the knowledge and alertness of the in- 
spector in charge. 

It is well to surface-treat a bituminous macadam pavement 
the first and probably second year after construction, and 
thereafter as surface conditions require. Original construc- 
tion and surface treatment may be of either tar or asphalt. 
The lighter tar being more pliable, has been found to be 
quite practical for the first treatment after construction. It 
may be gone over with the ordinary drag such as is used in 
stone and gravel road maintenance. The drag carries surplus 
material (tar and stone chips) to the low places, also help- 
ing to eliminate the mechanical defects if any exist. The 
asphalt treatment will ordinarily wear longer and not need 
to be repeated so often. Those roads of which I have had 
personal observation, have had treatments ranging from a 
third of a gallon of bituminous material per square yard of 
surface, when first taken over by the state in bad condition, 
to as low as one sixth of a gallon per square yard of surface 
when found in good condition, treatments coming about every 
other year. 

Before applying bituminous material, the surface to be 
treated must be thoroughly cleaned and dry. Traffic should be 
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kept off, both for its own protection and the good of the work, 
until after covering material has been added. If possible the 
road should be closed for one or two days, though in actual 
practice, I suspect there are more cases where traffic is merely 
warned of fresh bituminous materials than there are where the 
road being treated is really closed. The bituminous material 
should be uniformly applied at proper temperature from an 
approved pressure distributor. 

It is essential and imperative that covering material be 
applied without delay after a surface has been treated, said 
covering to consist of stone, slag or gravel, thoroughly clean 
and graded closely between one-quarter and three-quarter inch 
in size. An excess of the larger size is preferable when treat- 
ing an open, comparatively rough surface, while the smaller 
size is desirable when you have a surface that is well closed 
and smooth. The quantity of covering material to be used 
per square yard of surface depends upon the condition of the 
surface, the grade of tar or asphalt being applied, and the 
amount of same that is applied per square yard of surface. 
For estimate purposes, where tar is used, it might be said 
that fifty-four pounds of stone to the gallon or one cubic yard 
to forty-six gallons and where asphalt is used eighty-eight 
pounds of stone to the gallon or one cubic yard to twenty-eight 
gallons of the bituminous material is about right. The same 
gallonage would prevail per cubic yard for slag or gravel. The 
covering material should always be spread direct from dump 
trucks as they will spread it more uniformly and cheaper than 
can possibly be done by hand from piles or conveyance not 
equipped with dump. A bituminous macadam pavement prop- 
erly constructed will improve under traffic and maintenance, 
riding smoother year after year. 

Lincoln Highway 

It has been my lot to have charge of the Lincoln High- 
way through Porter and LaPorte Counties where the State 
Highway Commission through its Maintenance Department 
has reconstructed the entire section of twenty-one miles be- 
tween the cities of Valparaiso and LaPorte. Within this dis- 
tance there were many vexing, if not contemptible things to 
handle, not the least of which was the matter of securing 
sufficient right-of-way on which to constinict and operate a 
creditable pavement. There were drainage pipes and small 
concrete culverts to extend, new alignments requiring fills of 
half or entire width of roadbed, narrow grades to be widened, 
and worst of all a satisfactory base course to be prepared on 
which to place the bituminous top. Pai-ts of the original road 
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had been well constructed as a waterbound macadam pavement 
(though with excess crown) to the width of ten and twelve 
feet and later surface treated, then parts were allowed to 
lapse into an ordinary stone road through failure to follow 
up with subsequent treatments. Other parts of this road 
consisted of a conglomeration of stone, slag, gravel, and cinders 
varying in width, depth, and quality of material until it was 
difficult to know just what additional new material should 
be added in preparing suitable base without being extrava- 
gant. The outer three feet on either side of an eighteen foot 
strip had to be built up throughout and a light waterbound 
course was necessary over the entire top, in most cases, to re- 
duce the crown of the old surface when not required to give 
additional strength of base. At a few points it was found 
necessary to alter grade because of abrupt changes, but in the 
main every bit of the old road was salvaged and stands today 
as a part of the new construction, the taxpayer still realizing 
from the original investment in roadbed, stone, and drainage 
structures. This is the feature that should appeal to the tax- 
payer in this type of construction — nothing is wasted or de- 
stroyed that already exists. 

Maintenance 

Having misjudged strength of base or through other 
causes having secured faulty pavement, the matter of main- 
tenance or repair becomes a more difficult problem. If the 
pavement breaks near the edges it indicates a weak base, 
poorly compacted fill in widening the roadbed, or lack of roll- 
ing or perhaps insufficient drainage. There may be a spot that 
shows signs of raveling or rutting due to insufficient bitu- 
minous material or failure to penetrate because of dirty sur- 
face closed too tightly or saturated with water. Whatever 
the cause may be it is well that those who have in charge 
the matter of making repairs should at first attempt to diag- 
nose the case and then proceed to remedy both defect and cause 
in an intelligent manner, using one of the several grades of tar 
or asphalt best adapted to the character of repairs to be made. 

Bituminous macadam surfaces can always be patched 
without seriously interfering with traffic. Patches are made of 
premixed cold or heated materials, or by penetration method 
if of sufficient size to warrant same and may be either hand 
tamped or rolled into place. More frequently the cold mix 
materials are used (tar T.C.M. or emulsified asphalt) and the 
patches being small and far apart, are compacted with hand 
tamp. The refinement to be attained in patching or eliminat- 
ing construction defects, is entirely within the hands of those 
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performing the task. A skilled man with mechanical eye will 
feather-edge his work until you cannot tell where the patch 
is except by color and not at all after the next surface treat- 
ment has been applied. 

The size of aggregate to be used should vary with the 
depth of patch or repairs that are being made. A deep patch 
might be made with all fine aggregate, but it would be more 
practical if the coarser sizes of stone were used, and with the 
thin layer to be feather-edged it is obvious that the smaller 
aggregate will have to be used. There is a small amount of 
settlement due to the mixed material compacting under tamp, 
and under later traffic, varying with the depth. That feature 
is readily mastered by the observing workman who can make 
proper allowance. 

Where it becomes necessary to make repairs because of 
raveling or desire to eliminate a low spot due to faulty con- 
struction, the hole or surface is thoroughly swept and cleaned 
of all loose or foreign matter and painted lightly with the 
bituminous material of which the patch is being made. This 
insures bonding and helps to seal against moisture getting 
under the patch. Likewise the top should be sealed and made 
more dense by brushing a thin coat of the bituminous ma- 
terial over it and applying some fine stone or coarse sand. It 
is very necessary to have a dry surface and dry aggregate 
when using any of the bituminous repair materials except 
emulsified asphalt. This material may be used on a damp 
surface with damp aggregate, the only difference being that 
you mix less water with the emulsified asphalt under those 
conditions. 

Surface Treatment 

Surface treatment road work consists of two distinct 
types, that following the construction of a bituminous mac- 
adam pavement and that wherein the first bituminous ma- 
terial used consists of a treatment direct to the surface of a 
waterbound macadam, stone or gravel road. A well constructed 
waterbound macadam road that is not burdened with excessive 
traffic can be treated, made dustless, less costly in maintenance 
and frequently pass as a bituminous macadam job at a very 
low cost. If, when constructing the waterbound macadam 
road, it is known that a bituminous treatment is to be given, 
it is well to reduce the quantity of the screenings so as to 
leave the top stone exposed, making it possible for the bitu- 
minous material to adhere to more of the surface of this coarse 
aggregate. A waterbound surface must be thoroughly swept 
and cleaned of all foreign matter before treatment. The sur- 
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face must be dry and the temperature of the atmosphere above 
45 degrees Fahrenheit. The temperature of the bituminous 
material to be as specified for the grade used and to be uni- 
formly applied from an approved type of pressure distributor. 
Ordinarily on this type of surface treatment work, the gallon- 
age per square yard of surface is much greater than used on 
bituminous macadam maintenance, necessitating two or more 
applications. It should never be applied at such rate as will 
permit of bituminous material running off the edges of the 
metal and wasting. 

The same principles involved in treating bituminous mac- 
adam and waterbound macadam also prevail in the treatment 
of stone and gravel surfaces. Under proper conditions, the 
first application of say three-tenths of a gallon per square yard 
will penetrate until it entirely disappears from the surface. 
After this treatment has been given sufficient time (perhaps 
twenty-four hours) in which to penetrate and get set, addi- 
tional treatment or treatments follow until the required 
amount of bituminous material has been applied. Then the 
surface is covered with fine stone, slag, or gravel, the quantity 
depending upon condition of surface and amount of excess 
bituminous material that remains to be absorbed. It may be 
necessary to give a very light application of covering material 
after each application of bituminous material, to prevent flow- 
ing to the edges in case of smooth surface and excess crown, 
also to prevent picking up on distributor wheels when making 
the next application. After the last application and all cover- 
ing material is in place, the surface should be dragged re- 
peatedly until every chip or pebble is thoroughly coated and 
the surface becomes tacky. Traffic should be kept from the 
surface throughout the process of treatment and for about 
two days after dragging operations have ceased, during which 
time a curing effect takes place leaving a dry dustless sur- 
face that will stand up under quite heavy traffic. This is very 
cheap and practical maintenance when properly carried out 
under favorable conditions, though I fear it is too often tried 
as an experiment under adverse conditions, thereby resulting 
in the abominable pot holes and abrupt breaks in the surface 
such as we frequently find on heavy traveled streets through 
the smaller towns where an attempt has been made to eliminate 
the dust, regardless of the kind of surface to be treated, the 
grade of material to be used or the correct manner of applying. 
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USE OF ROCK ASPHALT AND EMULSIFIED ASPHALT 
ON COUNTY ROADS 



By S. B. Mylin, 
Wabash County Highway Superintendent. 



Wabash County believes that it can keep its traffic out 
of the mud without the vast expenditure of money required 
to build complete new hard surface highways. Just because 
an old gravel or stone road is rough and unpleasant to travel, 
many citizens and even many engineers are disposed to con- 
demn it entirely and demand a new pavement. Stop and 
figure the average cost of new pavement, and you will be 
staggered by the sum required to reconstruct your roads. 
You will realize, just as we did, that some other solution of 
your road problems must be found. 

Six years ago we adopted the practice of resurfacing old 
gravel and macadam highways. Naturally, resurfacing was 
first attempted on heavy traffic roads which were requiring 
excessive maintenance. Test holes showed plenty of old metal 
to cany the traffic. In fact it was rare to find even small areas 
where the roadways had broken through to the vlay subgrade. 
The only complaint was that the roads were rough and dusty. 

Although each resurfacing project presented a different 
problem, in general, our procedure was to shape the old road- 
way by scarifying and rolling. We then laid, when needed, 
a thin course of crushed limestone, rolled it until it was thor- 
oughly keyed and surfaced the entire roadway with rock or 
emulsified asphalt. The first of these resurface jobs came in 
19T9 in the town of Urbana. This resurfacing was done with 
critical conditions against us. The taxpayers and the news- 
papers were opposed to this project. This street, built of 
rock asphalt, is canying its sixth year of heavy traffic without 
one cent of maintenance. By 1922 the taxpayers and news- 
papers were on our side. 

The taxpayers of North Manchester demanded that the 
Hills and Lakes road from the college north seven-tenths of a 
mile be resurfaced with rock asphalt. This road which is very 
heavily traveled is on its fourth year without one cent of 
maintenance. 

In 1923 we had a road leading out of North Manchester 
on the Hills and Lakes route that had been built of asphaltic 
concrete. This road had been in service only six years and 
had to be resurfaced. We resurfaced it with emulsified asphalt 
and it is in fine condition with no expense for maintenance. 
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The next road on the program in 1923 was the Linlawn 
road leading from the corporation line of South Wabash. This 
was an old road built of stone and gravel. We did not add any 
new metal but just reshaped and rolled the old metal. Then 
we covered this with emulsified asphalt. Under very heavy 
travel this road has remained in perfect condition without any 
maintenance. 

In 1924 we built one and one-half miles on the Hills and 
Lakes road adjoining that built in 1922, making a total length 
of two and two-tenths miles. This road was built of rock 
asphalt. 

In 1924 we built two approaches to Wabash, the Walnut 
Tree road arid Falls Avenue road. These two roads were built 
of emulsified asphalt. 

In 1925 we built the following roads : 



TABLE 



Name 



Berms 


Width 


Length 


Surface 




Ft. 


Ft. 


Sq. Yds. 


Stone... 


16 


2,320 


4.120 


Stone. . . 


16 


3,350 


4.840 


Stone. . . . 


18 


1,600 


3.200 


Stone. 


18 


3.320 


6,540 




18 and 24 


2,400 


5.067 


Gravel . . 


18 


3.200 


6.400 



Cost 

Per 

Sq. Yd. 



Rich Valley 

Linlawn 

Laketon 

East North Manchester . 

Somerset 

Chippewa 



$1.29 
1 34 
1 42 
1.33 
1.53 
1.52 



The latest resurfacing project in Wabash County is the 
Chippewa road leading northwest from the city of Wabash and 
subject to very heavy .traffic. The old gravel road was a source 
of constant complaint and heavy maintenance. We first scari- 
fied and reshaped by rolling. Where there was any evidence 
of weakness in the old base, it was strengthened by adding new 
limestone and thoroughly compacted. We then laid a course 
of emulsified asphalt concrete, one and one-half inches thick 
after compression and, over this, a wearing surface of rock 
asphalt approximately three-fourths of an inch thick com- 
pacted. 

The county has used a great deal of rock asphalt and 
emulsified asphaltic concrete with good results. The idea of 
combining the two materials on this job was an idea of my 
own to develop a type which would be both serviceable and 
economical. The emulsified asphaltic concrete was used as 
a binder course and could be laid much thinner than water- 
bound macadam. The rock asphalt was used as a waterproof 
wearing surface. We felt that with the emulsified asphalt 
binder course we could materially increase the strength of the 
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road with very little added cost. This road at the present time 
looks fine and we are receiving many compliments on it. 

The taxpayers of Wabash County ai'e very much in favor 
of this resurface work. We increased our road maintenance 
levy, for 1926, six cents and had no opposition to the increase. 
Our heaviest farmer taxpayer said that we should have made 
it higher as the people want more resurfaced roads built by 
the highway maintenance department. There is not one fac- 
tion in Wabash County today that is fighting us on this pro- 
gram. They are all for us — they want the roads. 



USE OF ROCK ASPHALT ON COUNTY ROADS 



By George Dix, 
Clark County Highway Superintendent. 



The Plant Road between Jeffersonville and Charlestown 
was built about 12 or 14 years ago. This is a macadam road 
and has been difficult to maintain, requiring reworking two or 
three times each year. It carries a very heavy truck and auto 
traffic from the northern section of the county, and is through 
a very low, swampy section. 

The old road was built 16 feet wide with an average depth 
of about eight inches. We first scarified the entire width of 
the road and graded it to proper crown, (about 2^4 inches) 
and also widened it to at least 17 feet of stone with a 4 foot 
earth shoulder on either side. 

We added 4 inches of new limestone from 31/2 inches down 
to 21/2 inches in size, rolling thoroughly with a 10 ton roller. 
Screenings were applied for filling voids, rolled thoroughly, 
and filled again with screenings, using hand brooms for work- 
ing it in. We watered the road until no more water would 
penetrate it, and kept rolling until the mixture of water and 
screenings would push up in a wave in front of the roller. The 
i-oad was allowed to dry thoroughly and then swept with 
hand brooms in order to give at last a half inch key for the 
rock asphalt to prevent crawling. 

Before laying the rock asphalt, we swept and thoroughly 
cleaned the wearing surface. Where the base had been dam- 
aged or disturbed we repaired it before spreading the asphalt. 
The asphalt was laid on a dry base with the temperature at 
50 degrees F. or above. The rock asphalt was dumped in piles 
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in the center of the road just ahead of our work. Excess 
asphalt was loaded in trucks and carried ahead. 

After we spread the asphalt with shovels, all lumps were 
broken up and the material was shaped with heavy hand 
rakes. We continued the raking until the surface was free 
from honey-combed places, true to grade and of the proper 
thickness. 

We used side forms about 31/2 inches wide, and inter- 
mediate forms % inches in width, I14 inches thick spaced 
about five feet apart and laid parallel with the center line 
of the road to gauge the proper thickness. The height of 
these forms determined the depth of the course after it was 
completed. Before removing the side Iforms, the edge was 
tamped vertically with a hand tamp, and after the sides had 
been carefully taken away the edge was tamped at a 45 degree 
angle before we backed it up with earth. 

After the material was raked, it was permitted to lie in 
the sun and heat until it took on a black oily appearance, when 
it was rolled with a 10 ton roller. The surface was rolled once 
each day for four days in succession. After the first rolling, 
we used extra material to bring up the low places and removed 
material from those that were too high, and the road was 
again rolled until all marks had disappeared. The pavement 
was not opened for traffic until after the final rolling. 

The finished surface at no place varies more than Vi inch 
from a cross-section template, nor from a 10 foot straight edge 
1. id parallel to the center line of the pavement. 



SALVAGING OLD PAVEMENTS BY USE OF BITUMINOUS 

MATERIALS 



By H. C. Offutt, 
District Engineer, Indiana State Highway Commission. 



In doing work of this nature, we have found we get good 
results by confining ourselves to the use of a bituminous con- 
crete made with a stone aggregate and a tar binder, and 
mixing both at normal temperature. We have used other 
variations and have obtained good results, but in this discus- 
sion we will touch only on this one kind of mix. 

The work, while all done at the same time and by the same 
organization, is actually divided into two processes. All de- 
pressions which require filling, and which are not over one- 
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half inch in depth, are taken care of by a process which we 
call "paint patching." In this class of work, the depressions 
after they are marked out, are painted with a hot tar and 
covered with stone screenings or pea gravel. 

The depressions which are over one-half inch in depth, 
we fill with the bituminous concrete and cover same with a 
seal coat. The depressions when they are not over two inches 
in depth are painted with hot tar, as in the first case, before 
the bituminous concrete is applied. 

Estimate of Work 

The conclusions we will give you under this subject ai'e 
only rough approximations. They are stated for the purpose 
of giving the superintendent a guide in ordering his materials 
and are not to be used as a specification for doing the work. 

From studies made of our work during the past season, 
we have arrived at the following : 

(a) The average patch will range in size from three 
square yards to five square yai'ds. Judgment in the field 
will have to decide which figure will best suit your piece of 
work. 

(b) One square yard of patch requires about : 
. 5 gal. tar for painting the depressions. 

. 25 gal. tar for mixing the bituminous concrete. 

0.25 gal. tar for seal coat. 

0.33 cubic foot of stone aggregate. 

. 33 cubic foot of screenings. 

We believe that a road surface which is considered rough 
will have about two hundred patches per mile. One which is 
very bad will average as high as seven hundred per mile. 
Figuring an estimate for repairing one mile of surface having 
about two hundred patches per mile, and figuring three square 
yards as average size of patch, we would have the following : 

Patches per mile 200 

Square yards of patch 600 

Materials : 

Tar for painting patch 300 gal. 

Tar for bituminous concrete 150 gal. 

Tar for seal coat 150 gal. 

Total tar 600 gal. 

Stone aggregate for bituminous concrete. . 71/2 cu. yds. 
Stone screenings ly^ cu. yds. 

Total stone 15 cu. yds. 
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Cost of materials : 

600 gal. tar $100 00 

15 cu. yds. aggregate or screenings 45 00 

Miscellaneous hauling, crayons, etc., 10% 15 00 

$160 00 
Labor, 90% 145 00 

Total $305 00 

These figures cover the average amounts of material used 
for a ten-mile project in Warrick County, the surface condi- 
tions being about the same as stipulated above. 

Organization 

On a fair sized job it is best to so organize your gang 
that one man will be kept busy at one or two operations con- 
tinuously. He can soon be taught to do these few operations 
quickly and easily without being watched. A gang organ- 
ized on this basis should consist of the following: 

(a) The foreman of the gang has many duties. First 
of all he exercises a watchful attitude over the whole gang 
and keeps the work going smoothly. He should watch the 
work of the marker and finisher very closely, as their work 
must be done right. He checks over the finished work care- 
fully and corrects any bumps which have been left. He usual- 
ly applies the screenings in making the paint patches and as- 
sists the tar man in applying tar when necessary, and moves 
the equipment along the road as progress is made. A good 
way for the foreman to keep a check on results of his work 
is to look back over the work occasionally and notice whether 
cars going at a good rate of speed do any bouncing. Usually 
if a bump has been missed or a patch made too high, it can 
be detected in this way, or if he has a car available he can 
try it out himself, checking the uneven spots as he drives 
over the finished work. 

(b) Two men to mix the tar and stone (making the 
bituminous concrete) and deliver it to the patching gang. 

(c) One man to measure and mark out the patches. 
When he gets ahead with the marking, he should drop back 
and assist the wheelbarrow man by loading the empty wheel- 
barrow for him. 

(d) One man to sweep the surface where the patch is 
to be made. This man has some spare time which is taken 
up by helping the wheelbarrow man, usually by loading his 
empty wheelbaiTOw. 
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(e) One man to tend the tar kettle, handle and pour hot 
tar on the depressions. 

(f) One man to wheel and shovel the bituminous con- 
crete on to the patch. 

(g) One man to spread the bituminous concrete and 
finish off the patch. 

Equipment 

The equipment necessary for a gang of this size should 
consist of the following: 

One truck, two-ton capacity. 

One truck, one-ton capacity. 

One trailer, two-ton capacity. 

One concrete mixer, seven cubic feet capacity. 

Three wheelbarrows. 

One tar heater, 200-gallon capacity. 

One wire push broom. 

One fibre push broom. 

One stable broom. 

One 14 foot straight-edge. 

One 16 foot straight-edge. 

Two tar pouring cans, two-gallon capacity. 

Four pails, ten-quart capacity. 

100 feet of common chalk line. 

One box of boilermakers crayon. 

Two finishing shovels. 

Various square point and round point shovels 
and scoops. 
The two-ton truck is used to pull the trailer, and tar kettle 
and also to hold the screenings. 

The one-ton truck is used to haul the bituminous con- 
crete from the mixing plant to the patching gang and also to 
haul the men to and from work. 

The concrete mixer must be a tilting drum type to give 
satisfactory results. 

The straight-edges are 2 inches by 6 inches, one 14 feet 
long and one 16 feet long. They are best made from cypress, 
as they should be as light as possible. They are made two 
inches thick to prevent warping. The 14 foot straight edge 
is for the finisher and the 16 foot size is for the marker. 

The tar pouring cans are made from galvanized sprin- 
kling cans with the spout cut off about li/> inches from the 
body of the can, and the remaining part of the spout squeezed 
almost together, leaving an opening of about 14 inch by 5 
inches. This kind of an opening tends to spread the tar very 
uniformly and saves time. 
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The finishing shovel is a long handled shovel, as light 
as possible, having a square point 12 inches wide. A wider 
point is hard to handle and one more narrow slows down the 
speed of the finishing. This can be made by putting a long 
shovel handle in an old gravel scoop. Usually an old scoop 
will be worn thin, which makes a light, sei^viceable tool. The 
gravel scoop point can be heated and the point flattened out 
so that it will be level all along the bottom of the point. 

The crayons used will run about thirty-six to the mile. 

Materials 

The tars used are T. P. 2, T. M. and T. C. M. The T. P. 2 is 
used to paint the depressions to hold the screenings or bitu- 
minous concrete in place and also to make the seal coat. If 
there are a large number of square yards to coat, then T. M. 
should be used. The T. C. M. is used to mix with the aggre- 
gate to make the bituminous concrete. 

The aggregate is usually of stone, although in the gravel 
country pea gravel can be used instead of screenings. The 
sizes of aggregate used are as follows : 

No. 6 (screenings) V2 inch to 14 ii^ch 
No. 45 % inch to 14 i^^ch 

No. 3b 1 inch to 14 i^^ch 

No. 34 11/2 inch to 14 inch 

We used as large size aggregate as possible in the bitu- 
minous concrete which was to be applied in the depression. 
To do this, we made three different sizes of bituminous con- 
ci-ete. One size was made out of the No. 45 stone, one size 
out of the No. 3b stone, and one size out of the No. 34 stone. 
In a depression having a depth of Yi inch to % inch we ap- 
plied the bituminous concrete or mix made of the No. 45 stone. 
In one having a depth of % inch to I14 inches we applied a 
mix made of the No. 3b stone. In one having a depth of IVi 
inches to 2 inches we applied a mix made of the No. 34 stone. 

In almost any depression a slightly larger sized stone 
should be used than the depth indicates. It is always ad- 
visable to use as near the proper sized aggregate to bring the 
surface up to normal as can be used. This we think would 
apply to any patch with a depth up to four or five inches, 
using for a four-inch depression a three or four-inch stone if 
available. 

Operation 

The mixing plant should be located near the road and 
moved when necessary so as to never be more than two and 

4-35806 
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one-half miles from the patching gang. At this plant should 
be kept the aggregates, the tars and the equipment for mix- 
ing. The equipment will include the light truck, the mixer, 
two ten-quart pails, shovels and scoops. 

Careful attention should be given to the arrangement and 
layout of the plant so that all lost motion is eliminated. One 
good way is to place each size of aggregate in a pile, arrang- 
ing the piles in a row, so that the mixer can be moved along 
the row and the aggregate loaded direct from the pile into 
the loading hopper. The conect amount of aggregate is 
measured and placed in the hopper and leveled. A line is then 
painted around the inside, at the height of the leveled aggre- 
gate, which shows the loader how much stone to put into the 
hopper for each batch. The barrels of tar T. C. M. should be 
handy to the mixer, but not in the way. They should be 
elevated above the ground high enough to place a pail under 
the bung. A standard molasses gate screwed into the bung 
saves time in handling the tar and also eliminates considerable 
waste. 

The mixing is done by two men. One man loads the re- 
ceiving hopper and brings the tar for the next batch. The 
other man dumps the mix onto a dumping platform, from 
which he then loads it into the light truck, ready to be hauled 
to the patching gang. 

The batch must be allowed to thoroughly mix until each 
particle of the aggregate is completely coated with tar. The 
stone must be thoroughly dry and free from dust and dirt. 
Tar and damp stone will not mix. Bituminous concrete made 
with damp stone and put on the surface will disintegrate and 
ravel under traffic. A two or three days' supply of stone is 
kept covered during the night and during rainy weather. In 
this way enough stone can be kept dry to keep the work going 
until the wet stone dries out. When a gang is off for a 
couple of days it disrupts the organization and it will take 
about half a day to get them lined out again when they do get 
started. 

For one cubic yard of aggregate, we use from fourteen 
to sixteen gallons of tar T. C. M., this amount being regu- 
lated by the size and cleanness of the stone. The temperature 
also has some bearing upon the amount used. 

These two men can mix and deliver to the patching gang 
about one cubic yard of mix per hour. One batch will make 
about five cubic feet of mix. The average time of mixing 
a batch is about four minutes, the balance of the hour hweing 
taken up in loading and delivering the mix to the patching 
gang. The average daily consumption of mix for a gang 
of this size will run from seven to eight cubic yards, so by the 



Digitized by VjOOQIC 



TWELFTH ANNUAL ROAD SCHOOL 27 

time the mixers produce this much mix, clean up and get ready 
for the next day's run, their time is pretty well taken up. 

Patching Operation 

On the way to work in the morning, the patching gang 
stops at the mixing plant and loads up with materials. The 
truck is filled with two cubic yards of screenings, on top of 
which two or three barrels of tar T. P. 2 are placed. The 
trailer is filled with various amounts of the three sizes of 
bituminous concrete, depending upon the character of the sur- 
face to be patched that day. 

Arrangements should be made by the foreman that one 
of the gang, the first thing in the morning, goes to the tar 
kettle and starts a fire, so that the tar is ready for pouring 
when the gang arrives on the job. 

Outlining the Depression. — This is done with a straight 
edge or line. It is a rather tedious task and should be done by 
some one who is a reliable workman. The depression is out- 
lined with crayon, marking where the straight edge and sur- 
face begin to separate. The straight edge is laid parallel with 
the center of the pavement about one foot from one edge. 
Marks are drawn on the pavement showing the outside limits 
of the depression, the straight edge is then moved over about 
18 inches or 2 feet and the marking continued until the other 
side is reached or the patch runs out. The marker should also 
write the depth of the depression just outside the outline so 
the men applying the bituminous concrete will know what size 
mix to use. 

The marker outlines all depressions of 14 inch depth that 
are over three or four feet in length. Depressions of this 
depth, but over four feet long will not cause a car to bounce. 
Occasionally the marker will find a depression that the 16-foot 
straight edge fails to cover. The foreman then assists him 
with a line, the line being held to the surface on each side of 
the depression, which is then outlined the same as when using 
a straight edge. On a place of this kind, the foreman must 
use his good judgment as the depression might be entirely 
too long to repair. If the depression is not over li/i inches 
deep, its length over 18 feet, and its approaches to the normal 
surface are gradual, it would not need filling. 

Cleaning the Surface. — Following the marker, the sweeper 
thoroughly cleans the surface, using a wire push broom and 
a stable broom. The wire push broom is used to scratch loose 
any foreign matter which may be stuck to the surface and 
the stable broom is used to sweep the dust off. 
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Painting the Depression. — As soon as the depression is 
thoroughly cleaned, the tar pourer applies a coat of hot tar 
T. P. 2 to its surface, except when the depth of the depression 
is over two inches. Where the depression is shallow (14. inch 
or under) the application is made slightly heavier, as it is to 
be a part of the paint patch. The tar pourer should use two 
two-gallon tar pouring cans instead of one four-gallon can, 
as the two-gallon cans are much easier to handle. After the 
tar is applied to the depression, he spreads it with a fibre 
push broom. We first used a squeege but found that the fibre 
broom made a more uniform spread, the squeege having a tend- 
ency to ridge the tar at its ends, which makes a ridge in the 
paint patch. This trouble, however, is more noticeable in re- 
pairing a rigid pavement than it is on a bituminous macadam. 

Applying the Screenings, (Paint Patch). — On the outside 
edge of the depression where the depth is under 14 inch, or 
over the whole depression if it does not exceed ^ 4 inch, the dry 
No. 6 screenings are applied. Judgment must be used in apply- 
ing the tar and screenings in making these paint patches or 
feather edging the bituminous concrete patches. More tar 
and screenings, making a thicker mat, are applied at the deeper 
spots so that when finished, the patch on its surface will be 
smooth and level with the surrounding surface. The fore- 
man himself should apply these screenings because it is par- 
ticular work. 

Too many times we find the men applying too thick a coat 
of screenings. While this extra thickness of screenings is 
not harmful to the patch as the tar will only absorb so much, 
it is a waste of material. The dry screenings and hot tar 
are used for this pui-pose in preference to a bituminous mix, 
using this size aggregate, because it is more convenient to 
handle and finishes off much better than the bituminous mix 
on these thin patches. 

Applying the Bituminous Concrete. — After the feather 
edge paint patch has been made on the outer edges of the de- 
pression, the bituminous concrete is applied. The wheelbarrow 
man brings the bituminous concrete to the depression in a 
wheelbarrow. Two wheelbarrows should be used, as the 
marker and sweeper will have time to load the empty wheel- 
barrow while the other is being emptied. 

The wheelbarrow man must place the bituminous con- 
crete where the finisher wants it, namely : close to the feather 
edging or on the edge of the bituminous concrete previously 
placed. It is then worked over into place toward the center by 
the finisher, using the finishing shovel, until a uniform surface 
is obtained. 
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The bituminous concrete in any one depression is usually 
of one size mix, but if the depth of the depression becomes 
deeper than I14. inches at any place, a mix of V/2 inch aggre- 
gate should be used in these spots. In a case like this, the 
outer edges of the depression would be taken care of with the 
feather edge paint patch, the next portion from 14 ii^ch to 
1 Vt, inches in depth, with the No. 3b mix, and the portion over 
114 inches deep, with the No. 34 mix. It is not best to use 
the No. 34 mix to take care of the whole depression as it will 
contain too many large stones to give a satisfactory and even 
surface. 

Finishing the Patch. — ^There are several things about 
finishing the patch and obtaining a smooth surface which 
should be mentioned. The foreman and finisher should insist 
that the bituminous concrete be not dumped into the center 
of the depression in a pile. See that it is applied by the shovel- 
full just where the finisher wants it. This allows him to shove 
it into place with his finishing shovel by pushing it off of the 
portion already placed, to the surface of the depression. This 
tends to spread the bituminous concrete more uniformly and 
eliminates any high or low places after the patch has com- 
pacted. 

The finisher should always keep his finishing shovel in 
good shape, so that it will do good work. Often he will find 
it necessary to remove the gummy substance which collects 
on the point of his shovel. This can be done very easily by 
burning it off in the fire-box of the tar kettle. In doing this 
he should be careful and not ruin his shovel by getting it too 
hot. 

When spreading the bituminous concrete in cool weather, 
the finisher will find it pays to heat his shovel every few 
minutes in order to get a good smooth finish to his patch. 
Usually the sun is hot and glaring when this work is being 
done. The finisher can relieve his eyes and also judge much 
better the smoothness of his patch if he will work with the 
sun to his back as much as possible. Looking down on the 
patch from this direction does not cause a glare and the un- 
even places are much more easily detected. 

When the weather is very hot and the bituminous con- 
crete has a tendency to be picked up by traffic, a small amount 
of clean stone (% inch to 14 inch) hand scattered thinly over 
the fresh bituminous concrete will relieve the trouble. When 
the depth of the patch is under V/2 inches we do not tamp the 
bituminous concrete but allow the traffic to do the compacting. 

Until the finisher is thoroughly acquainted with his work 
and his eye trained to detect the slightest irregularity, he 
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should always test his patch with a straight edge before leav- 
ing it. The foreman should not trust too much to the finisher's 
eye, but should satisfy himself completely that the patch is 
satisfactory. 

Seal Coat. — If the work is smoothing a bituminous maca- 
dam surface prior to a surface treatment, the seal coat is not 
necessary. The surface treatment itself will supply the wear- 
ing coat and seal the open places. 

When the work has been smoothing a rigid pavement 
surface, the bituminous concrete portion of the patches must 
have all the open places closed or sealed. It is best not to 
do this until the traffic has thoroughly compacted the patch 
and any unevenness which may have developed has been cor- 
rected. 

This seal coat is applied by painting the bituminous con- 
crete with a hot tar T. M., about 0.25 gallon to the square 
yard, and then coating the surface with our No. 6 screenings 
at the rate of about 0.25 cubic foot per square yard. If the 
job is small, or tar T. M. is not available, the tar T. P. 2 will do. 

Filling Deep Depressions. — At times we are called upon to 
fill a depression 6 inches or deeper. The depression should be 
filled with a stone aggregate up to within two inches of the 
normal surface. The size of this aggregate should be our No. 1 
(4 inches-21/2 inches). After this stone has been carefully 
and uniformly spread and is smooth and level, hot tar T. P. 6 
or T. P. 2 is applied at the rate of one and three-quarter gal- 
lons per square yard. Immediately after this tar application, 
a covering material of No. 34 stone should be evenly spread 
over the surface at the rate of one cubic yard to 160 square 
yards of surface. 

Upon this bottom course is then applied a two-inch course 
of bituminous concrete made of No. 34 stone. After this has 
been thoroughly compacted, it should be given a seal coat. 

If the job is small, it will not require as large a gang as 
we have outlined. Often not more than three men will be 
required. In case the force is reduced, it is better to have 
the men first mix the bituminous concrete then take it down 
to the job and make the patches. The superintendent should 
study the situation, outline the work and assign the various 
duties as will best suit the reduced force. 
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CONSTRUCTION OF SMALL BRIDGES AND CULVERTS 
BY THE COUNTY MAINTENANCE DEPARTMENT 



By H. A. Blunk, 

City Engineer, Martinsville, Ex-Morgan County Highway 

Superintendent. 



The statute provides that the county highway superin- 
tendent may expend not to exceed $50.00 in the building or 
repair of any bridge, without consulting the Board of County 
Commissioners. It also provides that with the consent of said 
Board, he may expend any sum, not to exceed $100.00, in the 
building or repairing of any bridge in his road system. All 
repair and new stinictures, estimated to cost more than 
$100.00, shall be taken care of in the regular way, that is, 
plans and specifications must first be prepared by the county 
engineer or some competent engineer appointed by said Board 
of Commissioners, and filed in the oflSce of the county auditor. 
Notice shall be published in the newspapers of the county for 
a certain number of times setting out the nature of the work 
to be done and naming the day and hour when the said board 
will receive sealed bids from prospective contractors. The 
contract must be awarded to the lowest and best bidder, in 
the discretion of said board. They also have the right to re- 
ject any and all bids. 

In Morgan County we have the greatest respect for the 
law, and also for the real, honest-to-goodness contractor. The 
real contractor fills a very important place in this twentieth 
century civilization. He takes practically all the risk from un- 
forseen conditions, such as floods, labor disturbances and a 
large number of other things. My hat is always off to such 
a man, because I know of some of the things with which he 
has to contend. 

Then, you might very properly ask, why I appear here 
to advocate a different course, and one that appears to be 
in-egular, to say the least. 

I answer, that in general, I am not advocating such a 
course, but desire to enumerate some of the reasons for its 
adoption in Morgan County, and some of the many advantages 
accruing to the tax-payer in this particular locality. You are 
to be the judges of whether such a course will be beneficial or 
otherwise in your own counties. 
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Some Morgan County History 

In order fo get these reasons properly before you, it will 
be necessary for me to review some of our county's history in 
this particular line of bridge building, and you will please 
pardon my reference to my own connection therewith as I 
desire to speak as much as possible from personal knowledge 
rather than from hearsay evidence. 

Several years ago I served in the capacity of county 
surveyor and engineer for a little over seven years, during a 
period of ten years. This was mostly before the County High- 
way Superintendent law was enacted. Our small bridges, as 
well as the large ones, were built by the contract method, and 
most, if not all of them, with very satisfactory results. 

This satisfaction, on the part of tax-payers, I would not 
have you believe was due solely to the fact that I was the 
county engineer most of this time, but as much or even more 
to the other fact that we then had in our county contractors 
who were experienced and equipped to do this kind of work, 
and who took some personal pride in the same, knowing that 
their own reputation depended upon the kind of product which 
they put out. 

Beginning with the years 1917 and 1918, it became very 
difficult to interest the former contractors in these small 
projects in Morgan County. I think this lack of interest on 
the part of contractors was due largely to the engineer's esti- 
mates, which did not keep pace with the rising price of both 
labor and materials during the war period and immediately 
following the war. This, together with the curtailment of 
public buildings, caused many former contractors to drift into 
other lines of adventure or into bankruptcy. Some entered 
the larger field of state highway work, as our State Highway 
Commission was created about this time. 

Upon the resignation of the county highway superintend- 
ent in January, 1924, I was elected for the "bob-tail" term of 
something less than two years. The county commissioners im- 
mediately determined to put all bridge and culvert construc- 
tion, as well as repair work, under my supervision as county 
highway superintendent. 

Nothing was said to me about the legality of such a 
course and as I had not been connected with county affairs 
for several years, and also knew that fonner superintendents 
had been doing some work along this line, I very naturally 
inferred that the law had been amended so as to make such 
a course perfectly regular. 

However, early in the summer of 1924 the State Board of 
Accounts sent our auditor a number of copies of a pamphlet 
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called "County Opinions and Citations." When I received my 
copy of this little book I immediately discovered that no such 
change in the law as I had inferred had been made. I at once 
infonned the board of commissioners that we would have to 
discontinue such a course, or in some way get the approval 
of the State Board of Accounts, in order to continue it. 

At the very first opportunity we took the matter up with 
the Board of Accounts, and were assured that while they 
had no power to make or change the law, there would be no 
objection from them so long as the tax-payer's interests were 
properly safeguarded. 

We then went on with our program throughout the sum- 
mer and early fall of 1924, building more than twenty smsdl 
bridges and culverts in various parts of the county, thinking 
that everything was satisfactory. Late in October of that 
year, field examiners of the State Board of Accounts appeared 
on the scene, and I as county highway superintendent was 
called upon to answer a great many questions in regard to 
the work which we had been doing in this line. Some tax- 
payers had complained to the said board about our bridge 
building program but the names of the complainants were not 
revealed by the examiners, and none of them have had the 
inclination to make themselves known as yet. 

I was glad to tell the whole story to the examiners and 
invited them to go out with me and inspect some of the work 
which we had been doing. They very readily accepted the 
invitation and after examining two or three jobs whifch were 
comparatively close to the county seat, expressed themselves 
as being well satisfied with the workmanship shown and the 
relatively low cost. 

After the close of the year 1924, 1 had hoped to be relieved 
of this Une of work and that the commissioners would go back 
to the contract system so that in case anything was wrong 
the State Board of Accounts might question someone other 
than myself. But after the board of commissioners was re- 
organized in 1925 and the incoming member had had the op- 
portunity to examine some of the work done in 1924 and to 
learn the cost, he joined heartily with the two old members 
of the board and the auditor in insisting that we again build 
by the labor and material plan. The plan was followed through- 
out the year 1925, with one exception. One job of about a 
50-foot span was let by conract. This was a steel superstruc- 
ture, with concrete floor. 

We did not start our work in 1925, however, until we 
had again consulted the State Board of Accounts, and were 
again assured that so long as better results were obtained by 
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this plan, than by the contract system, no objections would be 
made. 

I will now call attention to a few of the jobs built in both 
the years 1924 and 1925, with the approximate yardage and 
cost of same. 

Bridge Building Force 

Our bridge force consisted of from 6 to 7 men ; a foreman, 
an assistant foreman and 4 or 5 laborers. Neither foreman 
nor assistant foreman wore white collars on the job and both 
worked at the actual manual labor, in addition to the mental 
labor necessary to carry out the plans, just as industriously 
as any of the other laborers. The foreman was paid 75c per 
hour, the assistant foreman 65c per hour, and the laborers 
40c per hour. When one job was practically completed the 
foreman would generally keep one or two men with him to do 
the finishing, trowelling, etc., while the assistant would take 
the rest of the men and start work on the next job. Both the 
foreman and the assistant foreman were not only very efficient 
in mixing and handling concrete but were what I consider ex- 
pert form builders. I consider proper form building in bridges 
of supreme importance. I believe more ugly, ill-shaped, un- 
sightly bridges are the result of poor form building than any 
other one cause. We used this same force of men in all our 
work throughout the county. Occasionally, however, it was 
necessary to put on local men but only for the most unskilled 
part of the work. 

Some of the Advantages of the Plan to the Tax.-Payer 

If such a force of men are paid a living wage for their 
work they will usually take a great interest in it and consider- 
ing that the temptation to skimp the cement or to use an 
inferior aggregate or to give an insufficient time to the mixing 
or to improperly set and rigidly brace the forms, is all elimi- 
nated, the quality of the work will, in nine times out of ten 
according to my experience, be far better than if let in the 
regular way to some of the so-called contractors. 

The law requires that the preparation of plans and specifi- 
cations must be done by the county engineer or some other 
licensed engineer designated by the board of county commis- 
sioners. In case the highway superintendent happens to be a 
licensed engineer the expense of making elaborate plans and 
specifications may be greatly reduced. A good working sketch 
in the hands of a competent foreman is all that is actually 
needed. If, as is usually the case, the highway superintendent 
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is not a licensed engineer, the county engineer, though required 
to make the preliminary surveys and plans for the work, would 
not need to incur the expense that would be necessary for 
public letting. In either case a considerable saving may be 
made in this item of expense. 

TABLE I. 

COSTS OF BRIDGE AND CULVERT WORK BY MORGAN COUNTY 
MAINTENANCE FORCES 



Namk or Bridge or Culvert 



Township 



S^.n 



Cu. Yds. 

of 
Concrete 



Total 
Coet 



Cost per 
Cu.Yd.of 
Concrete 



10. 
11. 
12. 
13. 
14. 
15. 
10. 
17. 
18. 
19. 
20. 
21 
22! 
23. 



Smith 

County Line . 

Swope 

ScrujEKS 

Camp Creek .. 

John Mooro 

Sheets 

John I^wis . . 
Stockwell . . . 

Cramer 

Macee 

Wm. Payne . 
Geo. Gage 

Plunket 

Sellars 

Fisher 

Wheeler 

Wheeler 

Scudder No. 1 . 
Scuddcr No. 2 
Caldwell 
Butler Creek . 
Young 



Jackson .... 

Jackson 

Clay 

Madison 

Washington. 

Madison 

Madison . 

Washington. 

Washington. 

Washington. 

Washington. 

Washington. 

Madison. . 

Brown 

Brown 

Ray 

Ray 

Ray 

Ray 

Ray 

Ashland — 

Ray 

Ray 



14 
5 
12 
12 
5 
10 
10 
6 



10 
10 
10 

14 
12 



18.5 
45.0 
26.0 
12.0 
47.5 
71.0 
29.25 
34.00 
43.5 
31 
36.0 
36 
26 5 
21.0 
12 
9.0 
7.0 
40.0 
52.0 
35.0 
11.0 
67.5 
66.0 



$355 38 
784 87 
462 67 
222 07 
954 27 

1.143 39 
406 60 
478 67 
639 17 
394 87 
697 48 
727 04 
449 35 
221 83 
197 75 
132 00 
145 97 
690 45 
615 68 
508 24 
210 80 

1.109 29 
895 65 



$19 20 
17 44 

17 78 

18 50 
20 10 

16 10 

13 90 

14 08 
14 70 

12 74 

17 44 
20 20 
17 26 

10 26 

16 48 
14 66 
20 85 

17 48 

11 84 
14 52 

19 16 
16 43 

13 57 



Average cost per cu. yd. of Concrete $16 27. 

Note: Nos 1 to 12 inclusive constructed in 1924. Nos. 13 to 23 inclusive constructed in 1925. 
No. 5. Cost includes removal of old stone abutments and cribbing for superstructure. No. 17. Includes 
codtofpipe. 

The cost of giving notice in the papers, which is necessary 
for public lettings, will all be saved to the tax-payer. 

Form lumber may be used over and over again by the 
labor and material plan, adding only what the character of the 
work makes necessary on each succeeding job. The uncertainty 
of a public letting makes it necessary for the contractor to 
figure this item for each job separately. A great deal of 
money may be saved in this respect during a season. 

The contractor must figure the item of interest on the 
deferred payments, usually 20% or more until the completion 
of the work. This may all be saved by the labor and material 
plan. 

The item of premium on surety bond, which the contractor 
is generally required to give, may all be saved. 

The contractor must add what he considers a fair 
profit to his estimated actual cost. This may run anywhere 
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from 20% to 40% on these small bridges. This is eliminated 
by the labor-material plan. 

I see no reason why the county cannot employ skilled labor 
just as cheaply as the contractor. I have sometimes noticed 
that in regard to unskilled labor, since the contractor is under 
bond to perform his contract, and limited as to time of com- 
pletion, that the tendency is to demand an even higher wage 
from him than from the county which is free from such limi- 
tations. 

One more item of expense may be almost eliminated, and 
that is the expense of the superintendent of construction. 
This superintendent, on small bridges, is usually appointed for 
most every reason other than his peculiar fitness for super- 
intending the construction of a bridge. It is generally for 
the reason of politics or more politics. I am not making this 
statement against either political party. I believe it is true of 
both. The highway superintendent having a competent fore- 
man in charge of his bridge building may take care of this 
matter in connection with his other duties without incurring 
much additional expense. 

In conclusion I will say again that local conditions and 
the results which you are getting by the contract system in 
your own counties should determine whether or not you make 
a change. 

If you are satisfied that you are getting 100 cents worth 
of work for the dollar expended by the latter method, then 
my advice would be continue the contract system. If not, I 
feel that you, as in our case, will be justified and the tax- 
payers greatly benefitted by tiying the labor and material 
method. 



THE COUNTY SURVEYOR'S ORGANIZATION FOR FIELD 
AND OFFICE WORK 



By H. D. Hartman, 
SuiTeyor of Wabash County. 



Prior to 15 or 20 years ago no unifonn rules governed the 
surveyor's office. It was considered a minor office. Surveyors 
never got together and had no concerted ideas. One surveyor 
had one idea of the office and how it should be run while the 
man following had different ideas. This does not make for 
efficient engineering. The surveyor's office was created in 1851 



Digitized by VjOOQIC 



TWELFTH ANNUAL ROAD SCHOOL 87 

by constitution. Surveyor's duties in those days, while im- 
portant, were few. He did not need to have diversified knowl- 
edge of engineering. Land sui-veys constituted the bulk of 
his work. The rapid settlement and growth of the state in 
agriculture created a demand for drainage. A great part of 
the state was composed of swamps and undrained land. The 
legislature recognized the demands of the people and passed 
drainage laws. The great drainage systems of the state cre- 
ated not only engineering problems but the county surveyor 
had to school himself along other lines, such as assessing of 
lands, knowledge of land values and benefits to be derived from 
drainage. The legislature created other officials such as drain- 
age commissioners, etc., but the bulk of the work rested with 
the surveyor. Thus was another great duty imposed upon the 
surveyor. 

Then about 25 years ago there came a great revolution 
in transportation. The gasoline motor sprang into existence 
over night and changed the whole scheme of modem transpor- 
tation. As a result of this great automotive development, the 
demand for modem highways was bom as well as the com- 
plicated legal and engineering systems necessary to construct 
and maintain them. Thus was created the last and most im- 
portant duty which fell to the lot of the county surveyor or 
engineer. 

The county surveyor should have one or more competent 
deputies or assistants engaged on a yearly salary basis. One 
is sufficient in the average county. The surveyor cannot attend 
to every small detail of engineering which arises in the busy 
season without competent help. The deputy should be able 
to take the place of the surveyor at any time. The surveyor 
as well as the deputies should be competent draftsmen. 

A surveyor cannot drive stakes, run rod, chain or instru- 
ment, etc., and do them all well. He should obtain good rod- 
men and chainmen and hold the same men as long as possible. 
Get young men from high school or college and train them. 
Good work cannot be done by rodmen or chainmen unless they 
have some idea of what you are trying to accomplish. 

Every surveyor's office should have office assistance, pre- 
ferably a stenographer, especially in the busy season. People 
are constantly coming into the surveyor's office in late years 
seeking varied information, and they are entitled to service. 

Next in importance to good men should come well kept 
and well indexed note books. Get plenty of data on the 
work. All work should be properly headed, should show dates, 
names of all present and notes about weather conditions. In 
the surveyor's office all drawings, plans, note books, etc., should 
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be filed away. Copies of all reports made and proceedings in 
road and ditch matters as well as bridges, etc., should be kept 
and properly filed away for future reference. 

There should be adopted in the near future a uniform 
system of plans and profiles to make same standard as to size 
and general make-up. We should also adopt a book of con- 
ventional signs for use on drawings. This would make it easier 
for contractors and others to interpret drawings. Counties 
should have a uniform datum for levels. Each road or project 
now has a separate datum line. Each county should have in 
the surveyor's office a map and record showing the details of 
each road and bridge in the county. The map should show 
data such as length, width and kind of road and name of 
stream, span of bridge, area of opening, whether concrete, 
wood or steel bridge, etc. The importance of such a record 
is quite evident. 

Road superintendents on new work should be considered 
part of the county surveyor's organization, and should report 
to the surveyor each day by making out a daily report devised 
by the surveyor. The county surveyor's men should be quiet 
and well mannered on the work and not make wild or unwar- 
ranted statements to the people. 

Work should be arranged by agreement with the court or 
commissioners so that the bulk of designing or preliminary 
work can be completed in the winter time in order that more 
attention can be given to construction in summer. Thus the 
surveyor's work is more uniformly distributed throughout the 
year. 



THE COUNTY SURVEYOR'S ORGANIZATION FOR FIELD 
AND OFFICE WORK 



Discussion by W. E. Morthland, 
Porter County Surveyor. 



The subject assigned to me is a difficult one to discuss 
owing to the fact that each of us is confronted by different 
circumstances. As regards pay, some of us are v/ell provided 
for with yearly salaries while others work by the day when 
there happens to be county work to be done. Some of us have 
to work up private practice with small towns and among in- 
dividuals in order to keep any organization at all. Restric- 
tions by our boards of county commissioners and the State 
Board of Accounts greatly influence our organizations. 
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Ck)nsidering these many differences of working conditions 
I will merely discuss my organization as I am able to hold it 
under the conditions in Porter County. 

I probably have an average amount of county work. We 
generally have from three to twenty miles of new road work. 
Ditches, bridges and culverts, all require varying amounts of 
time. County work would probably keep a small organization 
together provided it were steady, but it is not. Things that 
should be done, such as keeping up quarter-section plats, mak- 
ing legal surveys and preserving landmarks during construc- 
tion, I find difficult to do. This is sometimes due to a lack 
of interest on the part of the county commissioners, but more 
often because of a failure to understand the functions of a 
surveyor. As a result, my office seeks private practice. 

Our district is fast developing into an industrial center 
which provides much work for a surveyor. My private 
practice includes work as engineer for some of our small towns, 
surveyor for new layout and subdivisions and some general 
engineering. This has exceeded my county work this past 
year. 

By combining private with county work I am able to keep 
a fairly respectable organization including two parties full 
time. By breaking in a transitman on each, we occasionally 
have a third field party. Either my deputy or I usually man- 
age to keep in touch with construction and keep the county 
surveyor's office open to the public. By keeping on hand some 
map work for spare time, I have been able to keep a drafts- 
man. 

I regret that the inspectors on county construction do not 
work from my office. 

One of my greatest difficulties is breaking our rodmen 
into transitmen and our transitmen into chiefs and that is be- 
cause we have no sliding scale of pay for our help on county 
work. I am not clear yet as to whether it is the view of our 
commissioners or our state examiners, but it seems to stick, 
through tradition or something, that one field man is as good 
as another and that until a man can take complete charge of 
a party and be in every way responsible for its actions, he is 
not entitled to any more pay than the other rodmen. From 
rodmen to complete responsibility is a pretty big step to take 
and most of them get discouraged before they make the grade. 

As I mentioned before, my office carries no salary. Pos- 
sibly it should not but I am inclined to believe that if certain 
desirable things should be required of the office and it were 
required that the office be held by an engineer the counties 
would get their money's worth many times over by taking 
their county surveyors from private work as a means of live- 
lihood and use their full time at adequate pay. 
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THE COUNTY SURVEYOR'S RESPONSIBILITIES IN THE 
BUILDING OF COUNTY ROADS 



By Homer Teeters, 
Jay County Surveyor. 



The success or failure of any county road that is con- 
structed rests largely with the county surveyor. He, together 
with two viewers, in the case of a road built under the three- 
mile road law, must view and report on the petition to the 
county commissioners. If they grant the road, it is the duty 
of the surveyor to survey the road and prepare plans and 
specifications. He must design the bridges and culverts of 
sufficient size and strength to care for the needs of the road in 
question. 

It is not only the surveyor's duty to look into the future 
to see that the road as designed and built will take care not 
only of present but of increased future traffic, but he must 
also have the ability to convince the viewers and tax-payers 
of this fact. 

The surveyor must prepare his plans, profile and specifica- 
tions so that there will be no question about getting the work 
done as intended. The engineer in writing specifications should 
bear in mind that his specifications will be interpreted by the 
inspector on the work and by the contractor or his foreman. 
They should be to the point and expressed in clear terms so 
there can be no chance for a disagreement or difference of 
opinion as to their meaning. 

After the viewer's report has been filed with the county 
commissioners and the contract awarded, then the surveyor's 
real responsibility begins. With all of his precision in sur- 
veying, planning and writing the best specifications that it is 
possible to make, it will avail nothing unless he succeeds in 
getting the work done as he has previously planned. 

The commissioners appoint a superintendent to look after 
the work. This superintendent or inspector may or may not 
be able to read blue prints or interpret specifications, yet he 
and the engineer must see that the work is built as specified. 
Regardless of the ability of the engineer, his work may be 
spoiled by an incapable inspector, unless he uses every pre- 
caution. 

Regardless of whether the contractor is, or is not re- 
liable, or whether the inspector is or is not competent, the re- 
sponsibility of the engineer remains the same, for he must not 
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fail to furnish the tax-payers what they pay for and have a 
right to expect. 

It may be of interest to the young engineer to hear and 
have discussed some of the problems that come up during the 
construction of a road, problems that must be solved without 
the aid of text books or slide rule. 

He may have some ten or fifteen roads under construc- 
tion, everything has been going fine, he has spent a busy half 
day at the end of the month in making estimates so the con- 
tractors may receive eighty per cent of their contract price on 
work done to date. After these have been carefully checked 
and filed with the county auditor, the surveyor feels relieved 
of a great responsibility and has about decided to attend a 
base ball game in the afternoon, when a contractor and in- 
spector step into the office to report that two miles of the grade 
on their road is now completed, arrangements have been made 
to start placing material on the road next day, and that it 
will be absolutely necessary that the grade be checked imme- 
diately. 

After checking the road through the first fill and over 
the first cut, you find that the hill lacks eighteen inches of 
being down to grade on the summit, and the fill lacks from 
six to ten inches of being up to grade at the place where you 
wanted to get above high water mark. Before you have time 
to get this information to the contractor, you are quietly in- 
formed by the owner of the land that he thinks the grade is 
satisfactory, and any way he thinks it unnecessary to have 
the hill cut any more, and has made up his mind that if there 
is any way to stop it, he will not have it done. 

The contractor and inspector then explain to you that as 
long as those along the road are satisfied they see no reason 
why you should not be. Furthermore, they have passed the 
word out that they would start hauling next morning, that 
stone had been shipped to the unloading station, also that the 
railroad company had had trouble in getting a sufficient num- 
ber of cars, and if they lost these cars, there would be no 
chance for any more soon. Further, the manager of the stone 
quarry had served notice that if he was to furnish the stone 
this season, shipments would have to be made at this time. 

The man that drives the school hack over the road gives 
you the information that the education of some thirty pupils 
will depend on whether the stone is, or is not placed on this 
road before winter sets in, as it will be utterly impossible for 
him to make his trips around the detour when the roads 
break up. 

The postmaster may call you up and announce that the 

6—35805 
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mail route over this highway will be discontinued unless this 
road is completed before a certain time. These are some of 
the things that will probably cause you to miss the ball game ; 
yet they are problems that must be satisfactorily solved, and 
are a part of the responsibilities of the county surveyor in the 
building of county roads. 



THE RESPONSIBILITIES OF THE COUNTY SURVEYOR 
IN THE BUILDING OF COUNTY ROADS 



By Dave Harker, 
Clinton County Surveyor. 



The county surveyor's i-esponsibilities in the building of 
county roads are many, but they can all be summed up in two 
principal responsibilities. 

First of all, the surveyor must see that the road is cor- 
rectly specified. The other two viewers for the road have 
more to do and say concerning the probable utility and bene- 
fits of the road. The sui'veyor is the engineering brains in the 
design of the road, and as such has many responsibilities in 
the correct design. It is not within this topic to discuss what 
are the proper methods as to size and shape of side ditches, 
types of culverts and their location, gradation of gravel or the 
depth and width of gravel. Whatever may be the beliefs of 
the surveyor, he should specify the road correctly as far as 
clearness and his views of engineering design are concerned. 

When the road is ready for actual construction, the second 
of the surveyor's principal responsibilities is at hand, that is, 
he must see that the road is built to specifications. The super- 
intendent of construction is appointed by the board of commis- 
sioners to superintend construction, but too often the man ap- 
pointed knows little about how a road should be built. The 
surveyor should always take the final responsibility for the 
building of the road. The position of the superintendent of 
construction should be approximately that of an assistant to 
the surveyor. The surveyor is wise who assumes the respon- 
sibility in the beginning and has direction of the work, rather 
than to allow the superintendent of construction to run the 
job, and then hear the public say, "It was the surveyor's fault." 
No matter how hard the surveyor may try to shift the respon- 
sibility for the failure of a job to other shoulders, the public 
will place the credit where it rightfully belongs — upon the 
county surveyor. 
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We built three miles of gravel road last summer under 
rather rigid specifications calling for gravel which would test 
not more than forty per cent through the quarter inch screen. 
The first five carloads which came in tested sixty per cent 
through the quarter inch screen and we rejected them. The 
gravel company's representative — a man from Missouri — had 
to be shown, so we tested it for him and he admitted that the 
gravel was finer than that specified. "But," he said, "you can 
use it anyway, for no county surveyor adheres that closely to 
specifications." That is a serious charge. Every county sur- 
veyor should adhere closely to specifications. If you believe 
that a greater per cent of fine material is desirable in your 
gravel, then specify it that way, but once you have specified 
the gradation of the gravel, adhere to specifications. 

In conclusion, let me sum up what I have said in these 
phrases: First, say what you mean, and, second, mean what 
you say ! 



THE ECONOMICAL DESIGN OF ROADWAY STRUCTURES 



By W. J. Titus, 
Chief Engineer, Indiana State Highway Commission. 



One of the important things which a concrete pavement 
slab has to do is to support heavy vehicular loads. The func- 
tion of the pavement slab, as of any other structure, is to 
transmit these loads to the subsoil, distributing them so that 
they will not cause too great a load on any area of the soil. 
Exactly as in any other structure, these loads must be trans- 
mitted to the subsoil without any damage to the pavement 
slab. To design a simple beam supported on piers or abut- 
ments at each end is not a difficult matter, but at the present 
time, it is quite a different matter to rationally design a pave- 
ment slab resting on a continuous support throughout its 
length, which support is yielding to a degree which we cannot 
determine — in fact to innumerably different degrees within 
comparatively short distances. 

The task seems next to impossible, but much experimental 
and research work is being done, by the U. S. Bureau of Public 
Roads and by highway departments and universities, includ- 
ing our own Purdue University, so that I believe in a few years, 
we will be able to aproach a pavement design task with some- 
thing of the same assurance with which we now start on the 
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design of a bridge. The situation in pavement design now is 
probably not less advanced than was the matter of bridge 
design less than a century ago. There are still many evidences 
of this right here in Indiana. In most old timber bridges 
built before the Civil War, the size of all timbers in the upper 
and lower chords was kept the same for the entire length of 
the bridge, but we now know very well that in both chords, 
the stresses are very much greater at the middle of the span. 
Likewise, in these old timber bridges, the diagonal truss mem- 
bers were usually of the same size in every panel, but we know 
that the stresses are very much greater and the diagonal mem- 
bers should be much larger near the ends of the spans. 

We have been prone to assume that the comers of a 
pavement slab next to a transverse expansion joint are weaker 
than any other part of the pavement, but experiments made 
by the U. S. Bureau of Public Roads within the last year 
indicate that this may not be true for 90° corners and that 
the points showing the greatest tensile (and consequently 
most dangerous) stresses are found on the under side of the 
slab directly beneath the wheel load when that load is very 
close to the edge of the slab. This seems scarcely reasonable, 
but is apparently in accordance with both theoretical and ex- 
perimental research. Recent experiments also indicate that 
the same wheel loads, when as much as 21" from the edge 
of the slab, under the subsoil conditions which existed where 
the slab was tested, caused tensile stresses somewhat less 
than one-half those caused when the load was but 9" from the 
edge of the slab. On the face of it, this indicates that the 
edges of the pavement should be thicker than other portions 
or that heavy loads should be kept near the middle of the 
slab. The latter is of course impossible. 

This result was also indicated by the now well known 
Pittsburg, Cal., and Bates, 111., experimental roads, which were 
built at great cost and tested to destruction under careful 
engineering control. From the data secured in these and 
other investigations, there have been developed the following 
formulas for determining the thickness of a concrete pave- 
ment slab : 

(1) t. = (3P/f)'^ 

(2) t, = 0.7tx 

Where ti=the edge thickness of the pavement slab in inches ; 
p=:the maximum wheel load in pounds; 
f=rthe allowable tensile stress in concrete in lbs. per 

square inch; 
t.=the thickness of the slab near the middle of the 
roadway. 
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In Indiana, the maximum legal wheel load is 11,200 pounds. 
If the maximum allowable value of f be assumed at 850 lbs. 
per square inch, then 

ti- (3x11,200/350)^ 

and tz-e.S" 

There are, however, a good many other factors which 
must be considered. It is necessary to make transverse joints 
at certain intervals, at least at the end of each day's run. On 
each side of these joints will also be unsupported edges, just 
as truly as along the sides of the pavement slab. In some re- 
spects, the conditions will be more severe along the edges at 
these transverse joints, because all heavy traffic will have to 
cross such joints — ^not merely run parallel to them — and the 
crossing will cause the setting up of impact if there is any 
variation in the elevation of the surface of the pavement across 
the joint. So it seems certain that the edges along such trans- 
verse joints should also be thickened or otherwise strengthened 
— that the necessity for such strengthening may be even great- 
er than along the sides of the slab. At the annual convention 
of the Mississippi Valley Association of State Highway De- 
partments in Chicago last week, a representative of one State 
said they had, in their concrete pavements, for at least one 
season, so thickened the edges next all transverse joints, but 
that within a few months in nearly every case a transverse 
crack appeared along the line where the thickened section was 
reduced to normal thickness ! 

This indicates that there were some forces at work on 
these slabs which were not considered in the design. I suspect 
that in this case, the force was that of contraction, due largely 
to changes in temperature or moisture content. Without the 
thickened edge next the transverse joint, the slab might slide 
on the subsoil when contraction takes place — and in fact would 
do so unless the friction on the base were greater than the ulti- 
mate strength of the concrete cross-section of the slab. But 
the thickened edges next the transverse joints served precisely 
as an anchor for the end of the slab, so that it could not slide 
on the subgrade and could not be expected to do other than 
crack away from the anchored end of the slab. From this it 
seems that the situation will be made worse by the thickened 
edge next the transverse joints, unless the thickened portion 
be extended for a long distance in each direction from the 
joints so as not to serve as an anchorage to the subgrade. 

To complicate the situation still more, there is the cer- 
tainty that transverse and diagonal cracks will form in the 
slab at intervals — we do not know just what intervals. As 
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soon as these cracks have opened a very small amount, so that 
there is no dovetailing of the broken pieces of concrete, the 
necessity for thickened or strengthened slab sections adjacent 
to the cracks will be as great as at transverse construction 
joints. Because these cracks are liable to occur at any point in 
the pavement, it seems to follow logically that all portions of 
the pavement slab should be thickened ! This would mean of 
course a slab of uniform thickness and I am not so sure that 
this is not the most rational design which can be devised, 
though large numbers of states and other municipalities have 
recently adopted and are now using designs with thickened or 
strengthened edges along the sides of the pavement. But I 
am not ready to say that this pavement slab should have a 
9.8" uniform thickness, in view of our very satisfactory ex- 
perience with a 7" uniform thickness. All of these ideas are 
quite confusing, but I believe that if we do not get discouraged, 
avoid upholstered furniture and keep plenty of sharpened 
pencils conveniently close, we will, some of these days, know 
about what is a proper pavement design. 

Longitudinal Joints 

There is one design feature about which most state high- 
way officials are now agreed — the keyed longitudinal center 
joint in pavements of about 18 feet in width, which is being 
required in Indiana's 1926 pavements. When a pavement slab 
is subjected to varying temperature and moisture content con- 
ditions, these changes occur much faster in the upper surface 
of the slab. With a dry and perhaps cool condition on the 
upper surface, as often occurs during a summer night, there 
will be extreme contraction stresses in the fibres next the 
upper surface, while the lower surface next the subsoil may 
be moist and warm, which will cause expansive forces and 
the slab will warp concave upwards. This warping is often 
sufficient to lift the edges of the slab clear of the subsoil, so as 
to create a heavy bending moment near the middle of the slab, 
due to the weight of the slab itself and of wheel loads on the 
edges. To use the parlance of the railroad maintenance man, 
the slab is "center-bound," exactly as railroad ties often are 
center-bound, causing the breaking of many ties when a train 
passes over such a stretch of track. 

Exactly the opposite condition will of course exist, when 
the lower surface of the slab is cool and dry and the upper 
surface is hot and perhaps moist, causing the slab to warp 
convex upward and even raising the middle of the slab en- 
tirely from the subgrade. It is next to impossible to make 
our slabs of sufficient thickness to reinforce them against the 
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heavy stresses created under some of these conditions, so 
there was hit-upon the expedient of making a hinged joint 
down the middle of the pavement, so that the two halves of 
the slab can rotate about this joint. The same warping condi- 
tion will of course still exist for the half-widths of the slab, 
but the amount of warping will be very much less and the 
bending moments from wheel loads will probably be less than 
one-fourth as great. There are several types of these center 
joints, but there is not much choice between them from a 
structural standpoint, so long as the two halves of the pave- 
ment are efficiently keyed together and so held with dowel 
bars, that loads supported on one side of the joint will also 
be very considerably supported by the slab on the other side 
of the joint. 

Contraction Joints 

The feature of pavement design about which perhaps 
there is now most discussion is the matter of reinforcing the 
slab against temperature stresses and those stresses due to 
wheel loads and to changes in moisture content. The use of 
such reinforcing is with the expectation of predetermining the 
locations of all cracks or joints and making adequate provision 
for a slab of uniform strength throughout, including the edges 
of such pre-formed joints. It is a comparatively simple mat- 
ter to develop an equation from which the spacing of such 
transverse contraction joints can be determined, for certain 
assumed conditions equating the total resistance to sliding on 
the subgrade for half the distance between contraction joints 
to the safe working tensile strength of the steel and concrete 
in a transverse section of the slab. This can be worked out 
on either one of two assumptions: (1) that the stresses in 
the concrete of the section shall not be severe enough to cause 
even half cracks, or (2) that the steel be stressed up to a 
safe working value, in which case there are sure to be many 
fine hair cracks in the concrete. There should presumably 
be no objection to these fine cracks, since they will be keyed 
together by the rough surfaces of the cracks and will be held 
tightly together by the reinforcing bars, so that they cannot 
open wider — in effect a hinged joint exactly like a keyed center 
joint. 

Without any reinforcing bars at all, these pre-determined 
contraction joints should, under the first of the above assump- 
tions, be about 29 feet apart, under certain further assump- 
tions as to thickness of slab, width of pavement, weight of 
concrete and the coefficient of friction of the concrete slab 
on the subgrade. Under these same conditions, this spacing 
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between transverse contraction joints can theoretically be in- 
creased as much as 100 feet or more, by the addition of definite 
amounts of longitudinal reinforcing steel. There is, however, 
at the beginning of this computation, an assumption which 
may not be in accordance with the facts, which is that the 
steel bars will be able to absorb all the tensile stresses in the 
section most highly stressed. As a matter of fact these stresses 
will sometimes be a maximum near the top surface and some- 
times near the bottom surface, so that with reasonable 
amounts of steel, there will, I fear, be many cracks between 
contraction joints under most any conditions we can secure. 
The situation can, however, obviously be helped by reducing 
the coefficient of friction between the slab and the subgrade, 
so that the slab can more easily slide on the soil. In a num- 
ber of instances, this has been attempted by the use of build- 
ing paper spread over all the subgrade and I believe this is said 
to help the situation somewhat. 

'From the foregoing, it would seem that the use of trans- 
verse expansion or contraction joints is indicated, with some 
suitable plastic material in these joints to allow for expansion 
and contraction. A number of state highway departments, 
including, I think, Wisconsin, Michigan and Pennsylvania, 
which latter state laid more pavement last year than any state 
ever before laid in one year, have definitely adopted standards 
which require such contraction joints at regular or specified 
intervals. In the Indiana department, we believe that the use 
of these joints is indicated as an early development in con- 
crete pavement slab design, in an attempt to prevent the un- 
sightly cracks and the "blow-ups" which so often occur under 
certain weather conditions, usually perhaps at the summits 
of grades or near horizontal curves, but we are not convinced 
that the desirability of using such contraction joints has yet 
resolved itself into what may be termed a definite conclusion. 
In all arts which are in a formative stage, certain ideas may 
be only indications, while others may 1^ definitely classified 
as conclusions — in fact many indications later resolve them- 
selves into conclusions. 

Our objections to the transverse contraction joints are 
chiefly from the human impossibility of making with their use 
as smooth a pavement as when they are omitted. It seems 
reasonable, too, to assume that the pavement over these joints 
will get rougher from year to year, due to the warping or curl- 
ing action from temperature and moisture content changes, 
because the slab is, as nearly as I know, as sure to warp parallel 
to the center line of the road as transversely to it. Each time 
the slab next a joint is curled upward, it fails to return quite 
to its original position, so that it seems the joints should con- 
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tinue to get higher. Perhaps this same action explains why 
badly cracked pavements are usually rougher than those with 
few cracks and why they continue to get rougher. 

All of this is I think more confusing than any other type 
of structural design, but by just such rambling discussions as 
this can we look over a portion of the field and draw at least 
a few conclusions to guide us through a part or all of another 
construction season. Before closing I want to give a little 
time to the design of pavement concrete itself, from an eco- 
nomic as well as a structural standpoint. Concrete must be 
made of cement, water, sand and gravel or crushed stone or 
crushed slag. Fortunately Indiana's natural resources are 
such that we have within our borders satisfactory and con- 
venient supplies of all these ingredients. If we are to do our 
duty in spending the public funds, these ingredients must be 
used in such a condition that they will give satisfactory sei'v- 
ice in a slab or other roadway structure and, subject to that 
provision, those materials must be used which can be most 
economically secured. Of these materials, the two which in 
Indiana are strictly competitive are washed and screened 
gravel and crushed, screened and perhaps washed stone. 

The stone of course occurs in solid ledges and must be 
crushed before it can be used in concrete. To crush this stone 
requires power and costs money, so it is evident that, if it is 
to be used most economically, it must be used in as large 
particles as can satisfactorily be incorporated in the concrete 
in order to save the expense of crushing the stone any finer 
than necessary. On the other hand, the Indiana gravel de- 
posits contain much fine material compared to the amount of 
larger pebbles. It is quite evident, therefore, that if gravel 
is to be used as economically as possible, there must be used 
as large a proportion of the smaller particles as can satisfac- 
torily be incorporated in the concrete. It is my belief that 
just these assumptions were made when the Highway Com- 
mission's specifications for grading of gravel and crushed stone 
were prepared a number of years ago. There was the further 
attempt to so design the grading in both cases that the result- 
ing concretes would be of as nearly equal strength as possible. 
That this result has been fairly accomplished is evidenced by 
the results of compressive tests made of 2427 cores of con- 
crete taken from our pavement slabs up to June, 1925. Of 
these 1797 were from projects in which gravel was used and 
630 were from projects in which crushed stone was used. The 
average strength of the fonner was 4650 pounds per square 
inch, and of the latter 4520 pounds per square inch. 

Because this is the first opportunity I have had to talk 
to all of you county surveyors and engineers, or in fact to an^ 
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of you, in regard to our policy in approving plans and specifi- 
cations sent to us for review, I could not refrain from out- 
lining to you the reasons for the position we have taken in 
regard to specifications for these and other materials, which 
we believe is on the basis of equal opportunity to producers of 
each material, depending only on the economy with which they 
are able to produce and transport their material to the point 
of ultimate use and not at all upon any artificial differentiations 
between the two materials, none of which we believe to ^exist, 
so far as use in cement concrete are concerned. We hope that 
you will appreciate that we are not attempting to dictate 
to you as county officials any of the policies of your offices ex- 
cept as we are required by statute to set certain standards, 
to which requirement and standards we believe you can have 
no objection. We will always be glad to see you when you 
are in Indianapolis or near any of our district offices and to 
discuss with you, as I have today, any of our mutual problems. 



ECONOMICAL DESIGN OF CONCRETE AND OTHER 
HARD SURFACE PAVEMENTS 



By Frank T. Sheets, 
Chief Engineer, Illinois Division of Highways. 



(Note : Mr. Sheets did not present a paper. The follow- 
ing notes cover briefly the main points of his talk.) 

Mr. Sheets emphasized that economy of design could be 
obtained only when pavements having a thickness adequate to 
carry maximum legal loads were built. He pointed to the folly 
of jeopardizing high class paving surfaces by inadequate foun- 
dations. 

Mr. Sheets also pointed to the necessity of determining 
definitely by laws properly enforced the loads which may be 
expected upon highways or streets. He further explained the 
principles of design developed by the Bates Experimental road 
built and tested by the Illinois Highway Department, and 
pointed out how these principles, if properly applied, would 
produce pavements capable of carrying definitely determined 
maximum loads at minimum cost. 

The great importance of building safety into highways 
was also discussed by Mr. Sheets. He emphasized the neces- 
sity of using cui'ves of long radius and with proper super- 
elevation to obtain proper economy of operation and use. An- 
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other point which was discussed was the importance of loca- 
tion, and by a few striking illustrations Mr. Sheets showed 
the startling savings in operation cost which could be effected 
by proper location. In one specific case in Illinois where a 
road some 150 miles in length was relocated almost entirely 
throughout its length, 31 grade crossings and 30 miles of un- 
necessary distance were eliminated. The saving in operation 
to the motorists of that State resulting from the proper loca- 
tion of this one highway may be estimated most conservatively 
at $20,000,000 in a 20-year period. 



ROAD DRAINAGE 



By William Tonkel, 
Allen County Highway Superintendent. 



The importance of good drainage in the economic main- 
tenance of highways cannot be too greatly emphasized. There 
are two forms of road drainage — natural and artificial. 

Natural drainage is that offered by the contour of the 
land and the condition of the sub-soil. Sub-soil such as sand 
and gravel will in places provide excellent drainage, and in 
some places such natural conditions afford so perfect a drain- 
age system that very little artificial drainage will be needed 
beyond the customary crown and shallow side ditches. 

Artificial drainage is secured by the crown of the road, 
side ditches and sub-drains. The crown and side ditches pro- 
vide the surface drainage, and the side ditches and sub-drains 
serve to drain the roadbed. 

Many auxiliaries are frequently necessary to proper drain- 
age, such as culverts, catch basins, French drains, paved gut- 
ters, inlets, etc. The amount of artificial drainage required will 
at all times depend upon the existing natural drainage. 

A road surface should have a crown sufficient to drain 
the surface water from the road to the side ditch. It should 
not be so excessive as to drain the water too rapidly, thereby 
eroding the shoulders. An excessive crown will encourage 
the traffic, in order to prevent slipping, to track in the center of 
the road. The crown should be slightly gre 
5% or over than on level grades. 

Side ditches should be deep enough so 
of the water is well below the base of the 
be kept absolutely free from any loose eartl 
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which may drop into them. The depth of side ditches de- 
pends upon the contour of the land and the condition of the 
soil itself. For ordinary purposes the bottom of the side ditch 
should be about 21/2 feet below the crown of the road. In soils 
that drain very poorly and where spring water is encountered, 
side ditches, 2^2 and 3 feet deep, with underdrains, may be 
required. 

Underground Drains 

Where the road goes through a cut, and in soil that drains 
very poorly, it may be necessary, in order to secure proper 
drainage, to install under-drains. 

It is usually desirable to keep the pipe drains from be- 
neath the metal surface for the following reasons: 

1. The soil is more porous underneath the side ditch 
than it is ordinarily underneath the road surface, and hence 
the water will have greater access to a drain under the side, 
ditch. 

2. The excavation into the sub-grade when the road is 
built will weaken the sub-grade, frequently causing defects 
to develop in the road later on. 

3. If the drain becomes clogged or is broken in any way, 
it is more difficult to repair when beneath the road metal. 

Of course occasionally, it is necessary to keep the sub- 
drainage beneath the road metal, as illustrated by the fol- 
lowing: 

1. When the water reaches the road surface on a steep 
grade, by flowing from some higher elevation and parallel to 
the road. 

2. Where the water comes up from underneath the road- 
bed as a spring. In such cases it may be necessary to con- 
struct a number of sub-drains before the source of all such 
water is reached. 

Weeds should be cut to within two inches of the soil and 
kept neatly trimmed at all times of the year. The cuttings 
should be raked clear of the shoulder and ditch so as to avoid 
possibility of getting onto the surface and creating a soggy, 
slippery, dangerous hazard. 
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ROAD MAINTENANCE EQUIPMENT 



By Harry J. Kirk, 
State Highway Engineer, Columbus, Ohio 



I intend to address my remarks chiefly to public officials, 
keeping in mind that a goodly number of equipment men are 
present, of whom each and every one, in his own mind — sells 
the best equipment on earth, bar none. 

First, I take up a question of vital importance especially 
to those public officials present who are executives, the matter 
of buying equipment. 

The public official having the power to decide the purchase 
of equipment must be honest. He must also frequently, and 
with definite finality, be able to use that little word of two 
letters pronounced "No !" 

The third prerequisite to successful purchase of equipment 
is accurate knowledge of what is best to do the job planned. 
This is chiefly a problem of fact finding — facts about the job 
and facts about the equipment. 

My own decisions have been based chiefly on interviews 
with contractors, superintendents and other men who have 
actually used the equipment in question. 

The ideal way to buy materials or equipment on public 
work is first to draw up detailed specifications, and then re- 
ceive sealed bids from those able to furnish. 

Take the case of materials such as stone, gravel, tar and 
asphalt. We have specifications in great detail on these. We 
can take bids and make awards on the low price. It is easy 
to make tests and see that specifications are met in all par- 
ticulars. 

In the matter of equipment, however, we have no specifi- 
cations even for small tools that will permit us to take bids 
and buy on price. And when we come to large equipment the 
problem is still more complex. 

Take the matter of motor trucks for example. Suppose 
you want to buy a two-ton truck. About the best you can do is 
to make a few general requirements as to power, capacity, 
body, tires, etc., and ask for bids requesting that detailed 
specifications be submitted with each bid. You can get a score 
of truck manufacturers to quote you a price and each will 
claim his is the best buy at the price. No two trucks will be 
exactly alike and there is much ground for difference of opinion 
as to the best "buy." It is obvious that under these conditions 
low price can not be the controlling factor, because the price 
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each quotes is for a different article. But the public official has 
to satisfy himself which offer best fits his needs. 

This is the big difficulty in the purchase of equipment. 
The greatest help is a thorough knowledge, not only of the 
equipment, but of the job it is going to be called upon to do. 

It pays to take good care of equipment. Too much equip- 
ment is left out in the open, exposed to the weather, and at 
the mercy of every thief. Adequate storage should be pro- 
vided during the winter months. Frequent inspections should 
be made during the working season and complete overhauling 
should be done during the winter season. It costs a lot to 
have a machine break down during the working season, and no 
money is better spent than in the forestalling of breakdowns. 

Standardization of Equipment 

There are many reasons for standardizing equipment. 
With but one make of truck in a district the truck drivers 
and mechanics learn how best to operate and repair it. Better 
service can be given because less repair parts need be carried 
to take care of all needs. I must say, however, that this is 
an ideal hard to realize on public work, especially if you have 
several firms manufacturing the same kind of equipment in 
your state. 

Recommendations on Equipment 

It is with great hesitancy that I take up the matter of 
making detailed recommendations on equipment. The thing 
that makes road work fascinating is its variety. Because topo- 
graphy and climate varies everywhere so do road problems 
differ in their character and the nature of the equipment best 
adapted to their solution. 

In many of the things I am about to say you may not agree 
with me, because you have in mind one set of conditions and 
I another. I therefore, would ask that caution be used in fol- 
lowing out the recommendations I am about to make. 

I do not intend to give free advertising any more than I 
can help. Therefore, although I am perfectly willing to answer 
any questions you may ask, I must place this condition — that 
I will not here publicly indicate a preference between particular 
machines by name. If any of you care to talk with me pri- 
vately I will express my views frankly, giving the reasons for 
my opinion. 

Grading Equipment 

Many states are carrying on a program of stage construc- 
tion which is closely allied to maintenance work. In Ohio we 
completed 823 miles of this sort of work in 1925, and it has 
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met with great popular approval. This operation has been car- 
ried out in outlying districts and the poorer counties where 
travel is not heavy. If such communities had to wait for 
$40,000 per mile roads they would be in the mud for 25 years 
hence. We have given them an all year road at an average cost 
of $3,000 per mile. The old road has been widened out and 
minor relocations made. Repairs have been made to bridges 
and culverts. The old road metal has been salvaged and local 
materials used wherever possible. On account of a large 
program outlined we have found it economical to purchase 
heavy equipment. This stage construction grading merges 
into gravel or traffic bound macadam maintenance. For grad- 
ing operations we have found the following combinations of 
equipment most satisfactory. 

1. In hilly country, 10-ton crawler type tractors worked 
in pairs, one with a twelve-foot blade and the other imme- 
diately following with a ten-foot blade grader. On this sort 
of an operation we prefer the leaning wheel type of grader 
because it is free from side slipping, it moves the earth higher 
and is more easily and quickly pulled out of the ditch. We 
prefer the track laying type of tractor in all cases because it 
is not so apt to tear up the road surface or get mired in bad 
places. 

Under certain conditions in hilly country we are using 
gasoline shovels with % cubic yard buckets on crawler type 
i-unning gear. I look upon the gasoline shovel as one of the 
recent outstanding developments in road building equipment 
for rural highways. There are several good shovels of this 
type on the market. It is far better than the old time steam 
shovel for light shovel work because of its lower operating 
costs. Where frequent moves are necessary there is no bother 
with the water lines or fuel transport problems. In coal 
mining communities and oil well districts there is no trouble 
with bad water as with the steam boiler on a steam shovel. 

You are familiar with wheel and slip scrapers, the latter 
for short hauls on small jobs and the former for longer end 
hauls. The wheel scraper, however, is not well adapted to 
stage construction operations because there is rarely room in 
the ditch for it to load, except on relocations. 

2. In rolling or flat country other types of equipment 
have proven efficient. Where cuts are long and frequent turns 
are not necessary we have found the small model of elevating 
grader most valuable. With a sufficient number of trucks. 
Fords with gravity dumps are good, it will move an enormous 
amount of material at a small cost. Under certain conditions 
I have never seen anything quite so efficient as a small elevat- 
ing grader for cleaning ditches. 
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Roadbed Maintenance Equipment 

Here again the type of equipment depends upon the topo- 
graphy. In Ohio we have everything from the flat plains, a 
century ago the black swamp of northwestern Ohio, to the 
hills of southeastern Ohio which are as rugged as some so- 
called mountainous districts in the eastern states. 

In southern and southeastern Ohio we ar bothered with 
slips and slides. The road may slide away or a hill may slip 
down on the road. It is too expensive to move in a shovel 
for this sort of small work, and it is agonizing to watch a gang 
of men shoveling this earth into trucks by hand. 

No piece of equipment has proven more valuable for this 
sort of work than a small crane with clam shell bucket mounted 
on a truck. We own a number of these in Ohio, and while we 
have some of the half circle swing type and some with the 
full circle swing type, we much prefer the latter for moving 
slips and slides. Our principal reason for this is that we work 
with the road open to traffic and the road need not be blocked 
with the full circle swing. 

A small ditcher originally designed for cleaning farm 
ditches which will do light ditch cleaning has appealed to me 
as a good tool, inexpensive and valuable for back slipping and 
other operations where the superintendent or engineer gets 
gray haired watching laborers waste their time. 

The one-man motor patrol grader is a valuable piece of 
equipment for shaping up shoulders. 

Cutting Weeds, Etc. 

The best job of grass and weed cutting is done with a 
farm mower having a six-foot cutting bar that will cut at any 
angle between 45 degrees above or 45 degrees below horizontal. 
A machine of this kind pulled by a good team driven by the 
owner who lives along the road is the best combination for a 
good, clean, economical job of weed cutting that has ever come 
to my attention. The trouble is, however, that few farmers 
have such a type mower and also they may be busy at other 
work when you want your weeds cut. 

We have used several types of cutter bars attached di- 
rectly to Fordson tractors. We believe, however, that the 
special highway mowers, preferably with cutter bar that can 
be raised or lowered 45 degrees from the horizontal pulled by 
a team or tractor and operated by a separate man, gets the 
best job. A team will get into places a tractor can not, thus 
reducing to a minimum the work which must be done with 
scythes by hand. 
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Gravel and Traffic Bound Macadam Maintenance Equipment 

I refer here to gravel or stone roads maintained by 
dragging. There are two problems to be solved in this opera- 
tion: (1) keeping the surface smooth and (2) replacing sur- 
facing material blown away. 

In the matter of keeping the surface smooth there are 
many ideas. Here again this may be caused by varied condi- 
tions such as different gravels and stone, and also difference in 
the volume of traffic. I do not know of any one piece of equip- 
ment that will keep a gravel or traffic bound macadam road 
smooth. If a thin layer of gravel or stone can be maintained 
over the surface much will have been accomplished. High 
speed rubber tired traffic rapidly throws the material to the 
sides of the road, leaving the center bare and in condition to 
go into pot holes. The loose material should be kept con- 
stantly thrown back on the center of the road. The best tool 
I have ever seen for this purpose is the spring grader blade 
mounted on springs and turned to the road surface as a razor 
blade is to a hone. We used to mount this type of blade on 
trucks received from the government, and still have many 
so utilized, but the trucks are rapidly wearing out and we 
are now using the same kind of blade in place of the stiff 
grader blade on the one-man motor grader. This spring blade 
carried along the road at 10 to 12 miles per hour will do a 
very good job of throwing back to the center of the road and 
covering the surface with a uniform layer of loose material. 

But this sort of an operation is not enough. The large 
sled drag is indispensable if you are to get a smooth riding 
surface. As compared with the grader blade it is the same 
as the carpenter's plane compared to a draw knife. These sled 
drags should be used every few weeks and when the surface 
is in proper condition to do the most good. With proper 
equipment and correct manipulation of materials a gravel road 
can be made as smooth for riding as any hard surfaced pave- 
ment ever built, and much smoother than the average built in 
the past. 

Now let us consider the matter of replacing surfacing 
material. This problem may be handled in three ways. 

a. It may be shipped by railroad from commercial plants. 

b. Gravel may be obtained from gravel pits or stream 
deposits. 

c. A local stone quarry may be used to supply stone. 
Where materials are unloaded from railroad cars, car un- 

loaders and trucks are necessary equipment. In Ohio we con- 
tract with tiiicking companies for this sort of work. Bids are 
taken for material per ton spread on the road. 

8—35805 
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The working of local gravel deposits is so involved in 
local conditions that each location is a problem in itself. One 
very satisfactory piece of equipment for this sort of a job is 
a certain one unit gravel crushing, screening and loading plant. 
Material is delivered to a belt conveyor usually by a drag line. 
It is then elevated to screens and oversize material turned into 
the crusher. It is finally delivered to the waiting truck by 
means of a belt conveyor. No other piece of equipment equals 
it in performance, compactness and portability. 

Recently developed equipment valuable in gravel pits in- 
clude belt conveyors, bucket loaders and truck mounted clam 
shell cranes. Drag line outfits can be used in many places to 
good advantage, depending on the depth, area covered and 
over-burden of the gravel deposit being worked. 

In some districts where there is no gravel it is possible 
to crush and screen local limestone. For a small operation an 
air compressor operating drills is very handy. For larger 
operations a well drill should be used for blasting holes. The 
best quarry arrangement is where the crusher can be placed 
much lower than the quarry floor. The stone may then be 
chuted to the crusher platform into the crusher and then 
elevated to the storage bin. I have seen cars with small gauge 
track and Fords with gravity dumps used to good advantage 
on local limestone quarries, depending on conditions. We pre- 
fer the gyratory type of crusher generally because it produces 
a more uniform size and has low up-keep. 

Bridge and Culvert Maintenance 

Bridge and culvert maintenance is sometimes sadly neg- 
lected, particularly the repainting of steel bridges. I have 
heard arguments pro and con on the use of sand blast for 
cleaning and the air brush for painting steel bridges, as against 
hand methods. I believe there is a place for both. Inaccessible 
places are best taken care of by the sand blast and air brush. 
On the other hand a better job is obtained with the paint brush 
on accessible surfaces. Much depends on the personal skill of 
the operator. The paint spray frequently causes damage to the 
finish of passing motor vehicles. Both methods are being used 
with success. 

In each division in Ohio we are employing one, and in some 
divisions several gangs as part of our maintenance organiza- 
tion, exclusively on the extension of small culverts and the 
rebuilding of small bridges. Concrete bridge w^ork requires 
experience and skill. We use concrete mixers mounted on rub- 
ber tired trailers, easily portable, and other equipment neces- 
sary on this sort of an operation. 
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We have found the cement gun a valuable unit for econom- 
ical repair of certain kinds of masonry abutments. Bridge 
and culvert maintenance is so different from other road work 
that I believe it deserves special attention by experienced men 
with adequate equipment. 

Macadam Maintenance 

The largest piece of equipment used on macadam main- 
tenance is the motor truck tank distributor for applying bitu- 
minous surface treatments. There are several good distribu- 
tors on the market that will handle materials, both for cold 
and hot application. The tendency has been to simpler design, 
less pipes, etc. A recent development is the use of a separate 
motor for pump operation. This is especially valuable on pene- 
tration work and in hilly sections. 

For cleaning the road surface a good Fordson sweeper is 
on the market, built stronger than the old horse-drawn sweep- 
er. This design has the broom back of the operator which is 
a distinct advantage. 

The biggest part of macadam road patching today is with 
bituminous materials. Tilting drum type mixers with skip 
are preferred for mixing stone and bitumen because they clean 
easier. 

I have found the small Fordson type roller, of which there 
are several makes on the market, a labor saver in places where 
there is extensive patching. It can be easily loaded into a 
truck and cheaply transported from job to job. 

Heating kettles of two-barrel capacity are well adapted 
for macadam maintenance. We buy them in all cases equipped 
with oil burners. This feature is well worth the extra cost 
as it eliminates much loafing waiting for the kettle to heat up. 
There have been some accidents due to exploding gas from 
heaters, but this can be avoided with proper care. 

Equipment for Repair of Concrete, Brick, Etc. 

The air compressor with paving breaker is the most re- 
cent development for concrete road repair where replacements 
are necessary. This applies to all concrete base pavements. 

The same recommendation for heating kettles as men- 
tioned under macadam applies to concrete and brick pavement 
repairs. 

A special air hammer mounted on wheels is the best tool 
we have seen for taking down high spots or raised points on 
concrete pavements. We have seen an attachment for the 
Fordson tractor with revolving grinding wheel, but this is not 
nearly so fast as the air hammer recently developed. 
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On account of limited time I omit here the discussion of 
several classes of equipment such as those for snow removal, 
proper machinery and tools for garages, etc. 

The Motor Truck on Road Repair 

There is the Ford truck. It is low in first cost. In many 
places it could replace some of the war time junk, still called 
trucks, at a fraction of the operating cost. On hauls up to 3 
miles it is the most economical. Over that it fails. On hills 
and in hard going the cooling system fails. In Ohio we equip 
all new Ford trucks with auxiliary transmissions. There is no 
use overlooking the low cost of repair parts and the ease of 
handling Ford trucks. 

For general maintenance work I would buy a two or two 
and one-half ton truck, pneumatic tires all around, dump body 
and hydraulic hoist with full cab. On long hauls over good 
roads bigger trucks may be advisable, but I believe this sort 
of work is more economically contracted. We can not afford 
to buy these trucks in Ohio when haulage contractors will 
do the work for less than our costs. The best truck in this 
class, bar none, in all-round reliability and freedom from break- 
down is the "Class B" Liberty Truck supplied to the states by 
the federal government. 

New Equipment Needed 

Road equipment is much better designed than it was a 
few years ago. Teams formerly were used much more exten- 
sively, but they have been largely displaced. Much trouble 
was experienced awhile back attempting to use tractors to 
pull machines designed for teams. While we have little of this 
sort of trouble today, yet there is much room for improvement 
in other ways. 

The chief source of trouble occurs where the manufac- 
turer's engineers do not have the practical knowledge of the 
work the machine has to do. 

Motor truck bituminous distributors need wider tires on 
penetration macadam work. Better heating facilities, in the 
way of a burner made of metal of higher heat resisting quality 
and designed to secure more complete combustion will save 
much valuable time now lost. Provision should be made in 
the design to reduce piping to a minimum and to automatically 
heat all pipes, even the spray bar. 

A street sweeper should be provided of more sturdy de- 
sign than those still being manufactured and never intended 
to be pulled by tractors or moved at high speed from job to job. 
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In general a better running gear is necessary on main- 
tenance equipment because it very frequently must be moved 
and moved in a hurry. This applies to belt car unloaders, tar 
kettles, concrete mixers and other machines. 

We are doing more and more maintenance work in the 
winter. This is because our roads are used more in the winter 
than formerly. Note the popularity of the closed car and the 
increased use of the motor truck in business. This means 
that we must provide greater protection against cold for the 
operators of trucks, graders, etc. For the same reason I favor 
closed cars for all engineers and superintendents who must 
drive long distances in all kinds of weather. 

There is a big field for new equipment on maintenance op- 
eration on rural highways. 

A central mixing plant lay-out for mixing cold patch bitu- 
minous materials would meet a popular demand. 

A central mixing plant for concrete road repair would fill 
a need. It could be designed to set up at the railroad siding, 
using say a 10-L size mixer on rubber tired trailer, batch boxes 
and belt conveyor to charge the mixer. 

Where the mixer must be placed on the road and half the 
road kept open to travel on concrete road repair a mixer is 
needed that can be turned 90 degrees for loading the skip on 
the pavement. 

Half the labor in erecting guard rail is in digging post 
holes. I would suggest that in view of the many attach- 
ments made for use with a Fordson such a post hole digger 
might be made, using the tractor for power. In fact I laiow 
of one now being perfected. Another solution would be to 
design a post-hole digger to be run off an air compressor. At 
my suggestion a certain company spent some effort on this 
problem, but so far without notable success. 

Conclusion 

Last week in company with an Ohio road contractor I 
stood on the balcony of the Coliseum at the Road Show in 
Chicago. We were looking down on a magnificent array of 
road building equipment, estimated to be worth $3,000,000. 
I remarked to him, "What would some of the old *side-walk* 
contractors say if they could see this ?" The contractor ever 
with the point of view of his tribe replied, "I am wondering 
what a man would do who had it on his hands with no work to 
do." The moral of this story is : 

"Don't tie your money up in expensive equipment unless 
you have work for it to do." 
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Contractors must obey this rule or go out of business. 
Public officials must follow it or be kicked out of office. 

The justification for buying equipment depends on the 
economy of what it will do as compared with other methods. 

On public work and particularly on highway maintenance 
work there is another very good reason for the extensive use 
of labor saving equipment. Most all road repair operations 
are carried on with the road open to traffic. The work is done 
under the eye of every passer-by. The farmer, not very pros- 
perous these last few years, is especially critical. Every time 
a laborer, even for a moment, rests on his shovel handle, sev- 
eral heavy tax-payers see him. And you know what happens. 
We depend upon public opinion for the support of an adequate 
highway program. I am, therefore, in favor of keeping the 
number of public employees on rural highways down to a 
minimum. Labor saving machinery is the best way to do this. 

The volume of road maintenance and repair work on high- 
ways is growing by leaps and bounds. It offers a field of op- 
portunity for the road equipment manufacturer and the road 
contractor. 

The greatest loss in connection with equipment generally 
is the loss when it is not working. The purchaser of equip- 
ment, therefore, be he public official or private contractor must 
know that he has superintendents with ability and finances 
adequate to make that equipment earn more than it cost. I 
say this because no equipment can take the place of the man 
who has good judgment, initiative and energy to do things. 



HEAVY GRADING EQUIPMENT 



By S. N. Johnson, 
Clinton County Highway Superintendent. 



The outstanding cause of bad roads is poor drainage or 
no drainage at all. Road drainage is just as essential as farm 
drainage. The success of gravel road maintenance depends 
largely upon this factor. 

Clinton county has 8411/2 miles of county roads, many of 
which were constructed more than 25 years ago. Very little 
attention was given to drainage in their construction. 

Late in the year of 1924 we purchased a 10-ton tractor 
and a 12-foot blade grader, and began opening up side ditches 
on our gravel roads. About 65 miles were given just one 



Digitized by VjOOQIC 



TWELFTH ANNUAL ROAD SCHOOL 63 

round. In May, 1925, we resumed our drainage and up to 
November 6th we had drained 181^2 miles of road. Eighteen 
and three-fourths miles of this total was grade or what we 
call reclaimed work. We also did some maintenance during 
this time. On the 18% miles of reclaimed road, ten rounds 
or more were made with the grader. In doing this work we 
follow about this procedure : 

Round 1. Throw the gravel to the center of the road. 

Round 2. Throw the sod off the berm to the side ditch 
or where it should be, cutting it as thin as possible. 

Round 3. Dig a ditch in the berm, where sod has been 
removed, in which to bury the sod. 

Round 4. Throw the sod out of the side ditch, at the 
same time cutting the remaining sod over the location of 
the final drainage ditch, turning it all back into the sod burial 
ditch made in the berm. 

Round 5. Make the first ditch cut about 18" from the 
fence or property line. 

Round 6. Make a second cut in the ditch by stepping 
the cut slightly toward the road. 

Round 7. Make the first cut with a back-sloper. Some- 
times a second cut with the back-sloper is necessary. 

Round 8. First level is made on the berm, spreading 
the dirt which came from the ditch away from the gravel. 

Round 9. Reverse blade and spread the dirt from the 
ditch toward gravel. 

Round 10. Spread out the gravel from the center of the 
road to desired width. 

During the several rounds, the tractor has traveled over 
the sod and loose earth so that there is very little settlement 
afterward. We do this work early in the season so it will 
become thoroughly settled before the fall rains set in. 

On purely ditch work we make two rounds, as follows: 

Round 1. Cut the ditch as deep as possible considering 
the condition of the road for drainage, throwing the dirt about 
a foot from the shoulder of the grade. 

Round 2. Put on the back-sloper, step the ditch just a 
little toward the road and deepen a little more, throwing the 
loose dirt against and on top of the dirt and sod from the 
first cut. At the time this cut is made we run one side of 
the tractor over the dirt taken from the first cut to settle it 
as much as possible before the dirt from the second cut is put 
upon it. On this round we also use an ordinary road drag 
chained to the grader to level the dirt. 

Early this year our district men will work this dtrl^md 
rotted sod and level it out on the berm. Care should l- ^Wh 
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not to cut the ditches too deep where the gravel is low so 
that the berm will not be built up higher than the graveled 
part of the road. 

On our reconstruction or reclaiming work the length of 
the road to be graded as a unit depends upon local conditions. 
Inasmuch as the roads while being graded are almost impass- 
able, it is desirable to work the road in short sections so 
that traffic interference will be reduced to a minimum. A 
length of one mile is recommended as a grading unit. On 
purely ditch work the roads are not torn up so much and we 
do our work in longer sections, sometimes as much as five 
miles. 

Equipment for this work should be of the heaviest type 
of 12-ft. grader with special back-sloper not more than 2 feet 
in length, and not less than a 10-ton or "sixty" crawler type 
tractor. It is necessary that the equipment be operated effi- 
ciently. A good grader operator is a skilled mechanic and not 
an unskilled laborer. An operator always should be chosen 
because of his skill in operating grader machinery. 

The grading crew consists of two machinery operators 
who receive a total of $9.00 per day and the assistant super- 
intendent at $3.00 per day as helper to locate drains and re- 
move mail boxes and any other obstructions. His wages are 
not included in the cost, as this labor is of a miscellaneous 
nature. 

We kept an accurate record of the cost of the work in 
1925 for labor, gas and oil, not considering depreciation or 
interest. Our cost per mile for reclaiming the 18% miles was 
from $43.57 to $75.00 per mile, or an average of $54.00. On 
drainage alone for 162% miles the average cost was $8.60 per 
mile of road. 



MAINTENANCE OF GRAVEL STREETS 



By E. D. Canatsey, 
Morgan County Surveyor. 



The maintenance of gravel streets embodies a number of 
elements and conditions not encountered in the regular main- 
tenance routine on county and state gravel roads. 

The greatest difference is due to the use of road oil on 
streets. Instead of a thin carpet of loose gravel to work with 
the ordinary maintenance tools, we have a smooth, hard sur- 
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face. Instead of the "wash-board" surface to contend with, 
in dry, hot weather the oiled streets break in small, round, 
basin-shaped holes that quickly grow larger and more numer- 
ous. We call them pot holes. This evil of the oiled street is 
by far the most difficult problem to overcome. 

Midwinter is the proper time to begin preparing the 
streets for oil. We will assume that the road bed and curb 
ditches have been properly constructed and maintained. While 
the streets are frozen solid is the best time to apply a very 
thin layer of good gravel. Apply it over the sections that 
show weakness of surface, that is where the pot holes are 
most numerous. This gravel should contain a minimum of 
sand and should all pass a one-inch screen, or better still the 
%-inch screen. The metal added at this time seems to stick 
where applied, and as the frost leaves the road bed the new 
gravel bonds and keys itself into the old surface. The use of 
the drag during the freezing and thawing weather over sur- 
faces thus treated will obliterate the pot holes. 

We usually apply the oil in the latter part of May after 
the heavy spring rains. The streets should be in first class 
condition before the oil is applied. A slight scarifying is best 
at this time. Formerly in Martinsville this scarifying was 
done with a specially constructed street harrow. This tool 
will scarify an inch or two of the old oiled surface, then with 
a grader a uniform surface can be made. The light scarifying 
allows the hot oil to penetrate faster and deeper than other- 
wise. The oil should NOT be applied when the ground is too 
cold or when there is much dust. 

We apply the oil with a pressure tank distributor which 
has an inside burner. The temperature of the oil while being 
applied runs from 130 to 180 degrees F. Steam is applied to 
the tank car about six hours before the oil is pumped into the 
distributing tank. 

We usually oil every other street, say east and west, then 
every other street north and south. About a week or ten days 
later the remaining streets are oiled. This allows traffic to 
avoid the freshly oiled streets to a certain extent. 

An experiment was tried two years ago on four blocks 
where traffic was heaviest. Following the oil tank, torpedo 
sand (i. e., sand that passed the 14-inch and is retained on 
a i/^-inch screen) was spread on the hot oil, just enough to 
kill the flow and thicken the oil on the surface. This re- 
quired about 10 cu. yds. per block, the streets being 40 feet 
wide. This showed good results, the oil was not tracked away 
much and a surface was obtained that was smooth and last- 
ing. This torpedo sand is obtained from a local gravel plant 



Digitized by VjOOQIC 



66 PURDUE ENGINEERING EXTENSION DEPARTMENT 

and is a by-product in getting out concrete material for the 
state. 

New gravel streets usually take oil nicely the second year 
and can be easily maintained. With the older streets it is a 
different proposition. In Martinsville the oil used always runs 
from 50% to 70% asphalt. With the hot, dry weather and 
heavy traffic the aforesaid pot holes begin to show in all city 
gravel streets. It is useless to attempt to fill these holes with 
fresh gravel, as this seems to accelerate the grinding out of 
the holes. Light scarifying is necessary. The street harrow 
and horse-drawn grader is too slow and expensive. 

Power Grader 

The power grader with scarifier attached is a very suc- 
cessful tool. The machine used in our city has a ten-foot 
blade with the scarifier just ahead of the blade. To do light 
scarifying, use all eight of the teeth. If deep scarifying is 
required use only four teeth. The idea in scarifying the oiled 
street is to get enough of the oiled gravel to fill the holes. 
After scarifying, the blade is set at a slight angle to cast the 
material from the center. You will be surprised at the amount 
of black material the blade will gather after the light scarify- 
ing. This material will stay in the holes. The reason for 
setting the blade to cast outward is to flatten the crown. Most 
of our streets have too much crown. 

The great advantage of the one-man, power grader can 
easily be seen. When scarifying or grading, the operator can 
stop at any time and back up as many times as necessary to 
fix a particularly bad spot in the street. By careful handling, 
the streets can be lightly planed with the blade and enough 
material carried along to fill all depressions. It is impossible 
to cut very deep without the danger of rolling up the entire 
oiled mat and spoiling the surface of the street. 

When a street becomes extremely rough, it is always best 
to scarify the oiled surface thoroughly, then level up with the 
blade. The surface in such cases should be scarified to a 
depth coiTesponding with the bottoms of the deepest holes. 
The 1800-lb. dual wheels roll the surface down pretty well 
and the street soon looks as black as before. When planing 
the streets lightly to keep small holes filled, I prefer working 
from the center toward the edges, then if any excess material 
is left, work this back to the quarters, as this is the section 
that usually gets most of the wear and breaks first. 
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Reshaping Streets 

Sometimes we have sections of streets that need re-form- 
ing entirely. In one case I have in mind the street was arched 
up in the middle of the block, at the alley, about 18 inches 
too high. We scarified the gravel about six inches deep, then 
with the blade this loose material was moved to the curb in 
a narrow ridge. This operation was repeated over and over 
until all of the gravel was transferred to the curbs. Then the 
sub-grade was scarified and ridged with the blade in the center 
of the street until the proper grade for the sub-grade was 
reached. This loose sub-grade material at the center was 
hauled away and the gravel was replaced with the power 
* grader in even layers. When the job was completed the street 
was rolled down and smoothed by the big dual wheels of the 
grader. In this particular case the gravel was removed from 
one block of the street, about 60 cu. yds. of sub-grade mate- 
rial hauled away, and the gravel replaced in 15 hours. The 
force employed included one man with the power grader, two 
teams with drivers and two extra men. This piece of street 
was oiled about two weeks later and remained in good shape 
throughout the summer. 

One word in regard to oiling, as there are some who op- 
pose street oiling. There are two points to be mentioned on 
this subject that prove the value of street oiling, aside from 
the feature of preventing dust. The first is the saving in the 
wear on the surface. Two years ago we left gaps unoiled 
about 6 feet wide across the streets at sidewalk crossings. 
This was to give the pedestrians a place to cross without 
walking in the fresh oil. These unoiled strips in some cases 
wore down as much as 4 inches lower than the oiled sections 
adjoining. This gives some idea of the amount of road metal 
saved on our 22 miles of graveled streets in one year. 

The other point is in the matter of water saved. Just 
before oiling, in late spring, water is used in great waste by 
the people living on graveled streets to keep down dust. The 
water superintendent's daily pumpage report shows a marked 
difference in water used before and after oiling. Either of 
these two points shows enough gained to prove oiling worth 
while. 
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STONE ROAD CONSTRUCTION 



By E. D. Nesbitt, 
Jasper County Engineer. 



During more than ten years in charge of stone road con- 
struction in Jasper County, we have made some rather radical 
changes in our standard specifications, especially with regard 
to the size of stone and the manner of placing. 

In making such changes we have kept in mind the original 
cost to the taxpayer, the cost of maintenance, and the service 
to be rendered, that is, the amount and weight of traffic. 

Jasper County has been very fortunate in having its 
heavy duty roads taken over by the state, thus leaving the 
460 odd miles of county roads subject to moderate or light 
traffic. 

Before the work of construction is begun the center line 
of the road is marked by stakes set along the margin of the 
road at 500 foot intervals and plainly marked with the num- 
ber of feet to the center of the road. These center line stakes 
are set from comer stones or other controlling marks which 
must conform to the lines as determined at the time of the 
original survey and cross-sectioning. Station stakes are also 
set along the margin of the road, showing the location of each 
station. Grade stakes are set on both sides of the road at 
each station. The grade stakes are driven so the top of the 
stakes are flush with the finished grade in the fills and in the 
cuts they are left above grade and the cuts plainly marked 
thereon. 

After the stakes are placed, the first part of the con- 
struction necessary is the clearing and grubbing. I will not 
go into detail on clearing and grubbing, as it is pretty well 
understood what the requirements are to make way for a 
good roadbed. Then comes the work of building the grade, 
cutting the side ditches and placing all cross-drain pipes and 
concrete headers. 

In building the grade, proper allowance should be made 
for shrinking. Care must be taken to have the finished grade 
conform closely to the grade line shown on the profile. 

It is extremely important to so construct the side ditches 
that they will drain the road wherever it is possible to obtain 
an outlet. Also tile drains are provided for on each side of 
the road wherever a sufficient outlet is obtainable. We have 
found that the most successful method of eliminating so-called 
"quicksand pockets" is by the proper placing of drain tile. 
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All cross-drain pipes are specified of corrugated metal and 
conform to the state specifications on corrugated metal pipe. 
Here is a paragraph taken from our standard specifica- 
tions on "Material": 

The material for the improvement shall be of crushed 
limestone and of the best quality obtainable and in all 
cases the stone must be of hard and compact texture of 
uniform grain. The stone must be of cubical form, 
broken, crusher-run stone and shall have a French coeffi- 
cient of wear of not less than five (5) and pass through 
a ring not greater than one inch in diameter. The stone 
is to be tough, strong, and uniform in color. No soft, 
spongy stone will be allowed on the improvement. 

Whenever any portion of the grade of the road, not less 
than five hundred (500) feet in length, shall have been com- 
pleted to the satisfaction of the engineer, he shall give per- 
mission to place macadam upon such portions of the grade as 
in his judgment seems best. There shall be spread a layer 
of crusher-run limestone of not less than ten (10) inches in 
depth and ten (10) feet in width requiring not less than thirty 
and eighty-six hundredths (30.86) cubic yards of limestone 
per each one hundred (100) lineal feet. 

The finished surface of the macadam, ten feet in width, 
shall have a crown of three inches and be of the form of a 
parabolic curve. All material shall receive a backing of earth 
along the outer edge to hold it in position. 

The grade boards shall be set on both sides of the 
macadam in advance of the dumping and are not to be re- 
moved until backing and leveling up flush with the top of the 
same is complete. 

In the foregoing paragraphs there is nothing mentioned 
about rolling the subgrade or the stone. Ten years ago we 
included extensive and rigid specifications concerning the roll- 
ing of subgrade and stone, and a lot of money was spent for 
rolling. But close inspection has been kept upon these roads 
that were built of 2V2 " stone base and rolled, and the main- 
tenance has been high compared with the roads built with 
one (1") inch crusher-run stone. 

We have observed and decided that by placing the money 
we used for rolling into additional stone and drain tile we are 
getting much more for every dollar spent. 

To give you some idea of th 
foregoing specifications I have U 
the last ten roads built in Jasper C 
tract price is five thousand three h 
lars per mile. 
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ROAD MAINTENANCE METHODS 



By B. C. Tiney, 
Maintenance Engineer, Michigan State Highway Department. 



Michigan is maintaining a 6900-mile system of state high- 
ways, which are classified by type, approximately as follows: 

Gravel 3,700 miles 

Macadam 700 miles 

Concrete 1,400 imles 

Asphalt 200 miles 

Unimproved and other types . . . 900 miles 

The gravel road is naturally our greatest maintenance 
problem, but this type, when properly maintained and ren- 
dered dustless, has excellent riding qualities. The smoothness 
of the gravel depends upon the preservation of a thin cushion 
of loose, fine gravel uniformly distributed over the surface. 
This floating cover, ranging in size up to one-half or three- 
quarters of an inch, is moved back and forth daily by patrol 
graders, keeping the depressions filled. 

Regular corrugations or "chatter-bumps" must be re- 
moved at intervals by heavy blading and this is best accom- 
plished following a rain when the gravel is workable. We 
consider it good practice to float the loose cover to the outside 
edges of the road after rains and leave it there in a ridge for 
a day or so until the road begins to dry out, at which time it 
is again floated back over the surface. If the cover is left 
distributed over the road while wet, it may consolidate under 
traffic and be lost for floating purposes. 

The presence of large stones in a gravel road, near the 
surface, adds greatly to the difficulty of proper maintenance. 
Until about three years ago our gravel roads were built under 
a specification which permitted stone up to two and one-half 
inches in size, but we are now using a maximum size of one 
inch. 

The older roads were built with a high crown, making it 
difficult to hold resurfacing gravel on them. To connect these 
faults, we scarify the gravel to considerable depth, rake out 
the larger stone and reshape with a heavy grader. It is ad- 
visable to harrow the road after scarifying in order to bring 
the over-size stones to the top. After reshaping, a light re- 
surfacing of clean, fine gravel gives an excellent surface for 
floating. The cost of this work, exclusive of resurfacing, is 
from $60.00 to $100.00 per mile and the results are very satis- 
factory. 
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It is probably true that in breaking up this old road crust, 
the road is rendered less stable during the early spring break- 
up, but we believe that this is more than offset by the im- 
proved riding quality and greater ease of maintaining during 
the balance of the year. It is not recommended that a road 
be scarified late in the fall. 

Patrol Equipment 

The patrol equipment used on gravel roads in Michigan 
is largely motorized. The two most approved types are the 
truck with a spring blade attached underneath and the tractor 
and grader combined in a one-man unit. The truck is oper- 
ated at a speed of about eight miles per hour, making a round 
trip on a thirty- to thirty-five-mile section daily. This equip- 
ment is used mainly for floating loose cover, although con- 
siderable cutting of the solid gravel can be done at slower 
speed, especially after rains. The truck is also used to cany 
a load of gravel for patching holes and light resurfacing of 
bare spots. 

The one-man tractor-grader operates at a speed of two 
and one-half to four miles per hour, making a round trip on 
twelve to fifteen miles of road. It is usually equipped with 
a rigid blade which does heavier cutting than the truck blade. 
This tjrpe of machine is very efficient in eliminating "chatter- 
bumps" and makes a good combination with truck patrols. 
The tractor-grader is used with a spring blade in some of our 
counties and this permits greater speed in floating but less 
efficiency in cutting. 

The heavy grader with scarifier attachment, pulled by a 
ten-ton tractor, is used for scarifying and reshaping. We 
regard this unit of equipment as almost indispensable in the 
reshaping of gravel roads after the spring break-up and at 
intervals throughout the season. One unit may be made to 
do service in two or three counties and the tractor used in 
the winter for snow removal. 

Michigan's large mileage of gravel road presents a seri- 
ous problem in elimination or reduction of dust. We regard 
dust control as desirable on roads carrying a daily traffic of 
300 to 500, and as almost a necessity for traffic of more 
than 500. 

Our practice in this work has been along two distinct 
lines : 

First. The application of dust palliatives which afford a 
temporary reduction of dust. 

Second. The application of bituminous surface treat- 
ments which afford a complete elimination of dust. 
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Dust Palliatives 

As dust palliatives, the two types of material which have 
been used are Calcium Chloride and Light Asphaltic Oil. We 
have found that any attempt to apply either of these mate- 
rials in sufficiently large quantities to eliminate all dust will 
cause the floating gravel on the surface to solidify under the 
traffic. This forms a surface crust upon which the patrol 
graders have little or no effect, and which, under traffic, soon 
develops into holes. In such cases, it is necessary to scarify 
the surface lightly in order to restore its smoothness. If dust 
palliatives are applied more frequently, but in smaller quan- 
tities per square yard, they may be made to reduce the dust 
to such a degree that it is not objectionable to traffic and at 
the same time will not mat the surface or injure its riding 
qualities. The preparation of a surface for application of 
calcium chloride or oil involves a uniform distribution of the 
floating cover and the supplying of cover on any bare sections. 

The quantities of calcium chloride reconmiended for ap- 
plication on roads having one-half to one inch of loose gravel 
on the surface are : 

First application — 1 pound per square yard. 

Second application — V2 pound per square yard. 

For fairly heavy traffic, a third application of one-half 
pound per square yard is usually required. These applications 
are made at intervals of four to six weeks and a total of two 
pounds per square yard is usually ample for the season. 

The quantities of light oil recommended for use are: 

One-fifth gallon per square yard for the first application, 
followed after an interval of about six weeks by a second ap- 
plication of one-eighth gallon per square yard. The two appli- 
cations are considered sufficient for a season. 

Calcium chloride and light oil not only reduce the dust 
but consei-ve the gravel on the road. We find that roads which 
are constructed of gravel with a sand filler are very difficult 
to hold intact under traffic in dry weather and this is espe- 
cially true if the road is built on a sandy subgrade. On these 
sections calcium chloride is of particular benefit, functioning 
not only as a dust palliative, but as a bonding agent to pre- 
vent raveling and to keep the gravel in a moist and workable 
condition for the efficient operation of patrol graders. 

Summarizing our experience with dust layers, we feel 
that they are very essential to the proper maintenance of 
gravel roads; that the formation of a crust or mat must be 
avoided by application of the dust layer in small quantities 
and that the road, prior to application, must be uniformly 
covered with a thin layer of loose gravel. 

The cost of dust palliatives in Michigan is about $300 



Digitized by VjOOQIC 



TWELFTH ANNUAL ROAD SCHOOL 73 

per mile per year. We do not wish to give the impression 
that they are applied to all of our gravel roads on which traf- 
fic conditions would warrant their use. Our appropriations 
for this purpose have never been sufficient to finance the treat- 
ment of more than about 800 miles of the 2,300 miles which 
our department would like to treat. Public sentiment, how- 
ever, is becoming more insistent every year in its demand for 
dust elimination. 

Bituminous Surface Treatments 

A further solution of the dust problem lies in the bitu- 
minous surface treatment of gravel roads. Our practice in 
doing this work is very similar to that involved in the sur- 
face treatment of water-bound macadam. We have attempted 
these treatments mainly on gravel roads containing a high 
percentage of stone, thoroughly compacted, and the nearer 
this approaches a macadam in structure, the better will be 
the results of treatment. Full thickness of metal and proper 
drainage are important factors. 

As soon as the ground is free from frost in the spring, 
the road is shaped with a grader and, if necessary, scarified 
lightly to eliminate all ruts and holes. Traffic is then allowed 
to compact the loose material and a true cross-section is main- 
tained by intensive patrol work for a period of a couple of 
weeks or until such time as weather conditions are suitable 
for applying the treatment. 

The surface is then swept and light tar or asphalt is 
placed in two applications of approximately a quarter of a 
gallon per square yard each. A covering material of pea 
gravel, crushed stone or slag is used at the rate of twelve to 
eighteen pounds per square yard. 

We have used cold application bituminous materials en- 
tirely for first-year treatments and the bulk of our work has 
been done with tars. Last year we gave one road a second- 
year treatment with a heavier, hot application material with 
very satisfactory results. It would appear that the mat thus 
produced has sufficient body to be carried for a couple of 
years without re-treating, and at the same time is not so 
thick that it will wave under traffic. 

While the idea of alternating hot and cold treatments on 
gravel roads has not been thoroughly tried out in our state, 
we have followed this practice successfully in our surface 
treating of macadam. 

Patrol patching, following the treatment, is very neces- 
sary. More scaling of the surface may be anticipated, espe- 
cially during the first year, than would take place on the 
average macadam road. These small breaks must be patched 
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soon after their appearance, and for this purpose a mixture 
of coarse sand with the same bituminous materials used in 
the treatment, is employed. This mixture is made in the 
ratio of 14 to 17 gallons of bituminous material to one cubic 
yard of sand. The patching is handled by one man with a 
wheelbarrow from stock piles along the road or by a small 
gang with a light truck working from a central yard. 

Our experience in surface-treating gravel roads would in- 
dicate that they must be treated on an average of three times 
in four years and the average cost per mile i)er year over this 
period, including patching, is about $850. This appears to be 
economical maintenance for roads carrying a daily traffic of 
800 vehicles or more, and compares favorably with the cost 
of maintaining such roads with patrol graders, applying dust 
palliatives and the necessary resurfacing of gravel. 

Michigan had about 122 miles of surface-treated gravel 
road on the trunkline system in 1925 and it is planned to in- 
crease this mileage in 1926. These treatments convert the 
gravel road into a higher-t3T)e surface and eliminate all dust. 

We are coming to regard this method of maintenance as a 
desirable intermediate step between the gravel road and the 
pavement on heavy-traffic sections where pavement cannot be 
financed for several years. 

In the surface treatment of macadam roads, our depart- 
ment has used both tar and asphalt. Competitive bids are re- 
ceived annually for a season's supply of these materials, based 
on standard specifications of the A. S. T. M. and the U. S. 
Bureau of Public Roads. We recommend the use of a light 
tar, cold application for the initial treatment and this may be 
followed, the second year, with a heavier hot-application tar 
or asphalt. With hot treatments a larger size of chip is 
used for cover and the finished treatment is sometimes rolled 
once over to embed the chips. The use of larger chips tends 
to stabilize the mat and prevent it from waving under the 
traffic. 

The hot treatment will normally carry the road for two 
or more seasons and is then followed with a thin seal coat 
of light tar or asphalt. 

In patching macadam roads, the shallow breaks are given a 
paint coat of tar and a covering of stone chips. Deeper holes 
are tamped full of tar cold-patch mixture, which is made up 
at a central yard and allowed to cure before using. 

Hot patching by the penetration method is frequently 
used where large replacements are to be made. 

In making concrete replacements, Lumnite cement or a 
2% addition of calcium chloride to Portland cement is used 
to give quicker service to traffic. 
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REVIEW OF THE WORK OF THE DIVISION OF MAIN- 
TENANCE OF THE INDIANA STATE HIGHWAY 
COMMISSION 



By A. H. Hinkle, 

Superintendent of Maintenance, Indiana State Highway 

Commission. 



Six years ago the State Highway Commission took over 
a system of roads afterwards known as State Highways. To 
comply with the law, this system of roads reached every 
county seat and every town with more than 5,000 population. 
After the roads were designated as State Highways, the State 
became responsible for their construction and maintenance, 
including the bridges, guard rails, marking and signing and 
other features required to produce and maintain a system of 
highways that would satisfactorily and safely carry the traffic. 

The development that has taken place on this system of 
roads in this short period of time is very marked. Although 
some of the roads taken over were in very good condition 
and have not been changed much, this can not be said of a 
larger part of the mileage. Many of the roads in the sparsely 
settled district were trails. Few through routes were suitable 
for traffic during the good season of the year and practically 
none were passable throughout their entire length during the 
winter, spring, or early summer. 

The construction division has paved nearly a thousand 
miles of roads. The bad gaps in the through routes have been 
improved with stone or gravel when not paved. The narrow 
roads have been widened. Continuous maintenance through- 
out the year has been maintained on practically the entire sys- 
tem. As a result we now have a system of about 4,000 miles of 
state road that are not only passable throughout the year, but 
are as a rule in excellent condition most of the year. This 
transition has been brought about in the face of an increase 
of traffic during the six years of 100 to 200 per cent. Some 
districts in the state have been opened to a method of trans- 
portation that is developing them rapidly. 

We have usually rated our field men by the condition in 
which they kept their roads. This was the greatest stimulus 
for maintaining a good road. The experiences of some of our 
men and even hardships suffered by them in the first years of 
the work are hardly known. One may learn of these best 
while chatting with them as the soldiers do, who narrate their 
experiences about the camp-fires. 

In this brief paper, however, we will not dwell on such 
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matters, but will jump from peak to peak, getting a birdseye 
view of some of the work accomplished, now and then dropping 
down to look at a detail which may be of special interest or 
value to those engaged in road work. 

Organization of the Division of Maintenance 

When the Division of Maintenance was organized in the 
early part of 1920 there were five district engineers and 25 
superintendents. The road mileage in the state system has 
increased and our organization has increased to take care of 
this mileage until we now have 6 district engineers and 32 
superintendents. On October 1, 1925, our records showed that 
we were employing 69 foremen, 247 patrolmen, 266 teams with 
drivers, 41 skilled laborers, 28 tractor operators, 454 truck 
drivers, 964 common laborers, 13 roller operators, and 7 miscel- 
laneous positions, or a total field force of 2,134 men. This 
does not include the mechanics and their assistants in the 
local garages, as these are carried on the motor transport pay- 
rolls. 

The division does much of its work by contract and the 
percentage of such work determines the number of employees 
carried on the state payroll. During the rush period in the 
late fall and early winter of 1920, we had nearly 5,000 em- 
ployees on our payroll. This rush of work was brought about 
by the delay in our new organization getting under way, and 
also because of the demand to put as many state roads as 
possible in passable condition for the winter and spring season. 

Miles of Road in the State 

The work done by the State Highway Commission in the 
past six years is shown in a general way by comparing the 
lengths of different types of surface in the state system when 
taken over with the present lengths. The comparison shows 
the work accomplished by the whole Department and not mere- 
ly that of the Division of Maintenance. 



Type 


Brick 


Cem. 
Cone. 


Bit. 
Cone. 


Bit. 
Mac. 


Surf. 
Treat. 
Mac. 


Stone 


Gravel 


Earth 


Misc. 


Total 


Miles when taken over . 


41.0 


96.7 


7.5 


24.0 


68.8 


796.1 


1.892.7 


264.7 




3.191.5 


Miles Jan. 1. 1926 


68.6 


933.8 


26.0 


172.8 


23.7 


999.7 


1.629.0 


60.9 


20.8 


3.935.3 



We have recently compiled the lengths of all t3T)es of 
roads in the state by counties, classifying them as state, county 
and township. This is the most complete report on the lengths 
of the several classes and various types of road that has ever 
been compiled. We might say that it is the only complete 
report of its kind that has ever been made. 
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There is a tendency for the counties to take over more, 
if not all, of the township roads. While one of the incentives 
for this is to get a greater portion of the gas lax, this transi- 
tion will no doubt result in better and more economical road 
maintenance in many of the counties. 

The state should no doubt take over more miles of county 
roads. The Federal Highway Law permits Federal Aid on 7% 
of the roads of the state. Our new compilation of all roads of 
the state shows a total of 73,111 miles. This would permit 
Federal Aid on 5,118 miles. Certainly this is the minimum 
that should be in the state system. However, the larger the 
mileage that is maintained, the less the paving that could be 
contracted each year. This factor must be recognized in con- 
sidering the greater mileage. 

Activities and Responsibilities of the Division of Maintenance 

The activities of the Division of Maintenance are many 
and varied. One who thinks casually of road maintenance 
seldom realizes the great variety and classes of work carried 
on today in maintaining a state-wide system of highways, in 
safe and suitable condition for traffic all seasons of the year. 
Of course, the larger part of the work consists in keeping the 
road surface smooth and suitable for traffic. However, some 
of the other work is quite as important, if not on such an 
extensive scale. 

The gravel and stone roads must be coated with metal 
and systematically dragged; the cracks and joints in the con- 
crete and brick roads must be filled with bituminous material ; 
small holes and depressions in these two types of roads are 
patched with the same kind of material ; parts that are broken 
through to the base must be replaced with new concrete ; the 
bituminous roads are patched with bituminous material and 
maintained with surface treatments; shoulders and ditches 
must be sodded and maintained; ruts along the edge of the 
pavement filled with stone, slag or gravel; weeds and grass 
must be cut ; snow must be removed from the surface to make 
them passable for winter use ; the drainage systems, both sur- 
face and underground, must be kept free from obstructions so 
they will operate ; old and narrow culverts must be extended or 
new ones of proper length installed ; and the old steel bridges 
must be refloored and repainted from time to time. As features 
of safety, to take care of modem traffic, guard rails must be 
built and maintained ; these, together with headwalls and other 
obstructions along the road, should be painted white, or white- 
washed from time to time ; narrow fills must be widened ; sharp 
curves reduced; and, last but not least, an effective system 
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of signs and markers installed to guide traffic and aid in pre- 
venting accidents. 

No small part of the responsibilities of road officials is 
keeping the right-of-way clear of undue encroachments by 
the property of public utilities, such as poles, tracks and other 
obstructions which are frequently erected so close to the 
traveled way as to be a great source of danger. A constant 
warfare must be waged against oil pumps, filling stations, 
"hot dog" counters and fruit stands, which are continually 
installed too close to the traveled way. They are a source of 
great danger because of insufficient space in front of them 
to accommodate parked machines without interfering with 
traffic. 

It will thus be seen that the work of a highway main- 
tenance organization is not merely the dumping and spreading 
of gravel, as one high official ignorant of road work, one time 
expressed himself. If the road maintenance organization is 
doing its duty, it must function in all the above features. 
While it is all the time looking in one direction, fighting for 
its rights which are rights of the citizens, it must at the same 
time be looking in the other direction, showing a glad hand 
and a friendly smile to that ever-complaining class of citizens 
who think the highways are not in such good condition as 
they should be even though they themselves have never done 
a single act in all their lives that contributed to the provision 
or upkeep of a better road. 

The responsibilities of the County Highway Superintend- 
ents, in maintaining a system of county roads, involve not 
much less difficulty than the maintenance of a system of 
state roads. 



Accidents on State Highways 

The Maintenance Division attempts to make a report on 
a blank form for this purpose, of all accidents occurring on 
the state highway system. These accidents are reported for 
statistical purposes with a view of learning, so far as possible, 
the cause of accidents. It is hoped that every means possible 
may be used to reduce them. The following table shows as 
nearly as our field forces can secure the information, the data 
concerning these accidents. We do not permit these accident 
reports to be used in damage suits. We believe that our men 
would hesitate to furnish their best opinion of the cause of 
accidents if they knew their statement would be subject to 
public inspection and possible legal action against them if 
they were not able to prove their statement. 
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The following is a summary of the accident reports for 
the past five years : 



COLLISIONS 



Collisions 


March 1, 1922 
Sept. 30, 1922 


Oct. 1, 1922 

to 
Sept. 30, 1923 


Oct. 1. 1923 

to 
Sept. 30, 1924 


Oct. 1, 1924 

to 
Sept. 30, 1925 


Total number accidents reported 


157 

49 

4 

5 

1 
7 
7 
2 
1 
8 
2 
5 
20 


332 

109 

16 

14 



9 
21 
11 

6 
12 

7 

20 
48 


370 
160 

6 
16 


11 
12 

6 

5 
12 

8 
30 
14 


654 


Collisions with other machines 


302 


Collisions with Railroad trains (Steam). . 
Collisions with guard rails 


19 
17 


Collbions with bicycles 


1 


Collisions with culvert headwalls 


14 


Collisions with telq;)hone poles 


33 


Collisions with wagons 


7 


Collisions with electric cars 

Collisions with fences 


11 
21 


Collisions with animals 


5 


Collisions with bridges 


40 


Collisions with miscellaneous objects 


22 



CAUSES OF ACCIDENTS 



Fast driving 

Steep grade 

Sharp curve 

Lack of guard rail 

Wet surface 

Deep ditch 

Intoxication 

Glaring headlights. . . 

Narrow roadway 

Obstructed view 

Miscellaneous causes. . 



99 


140 


181 


8 


14 


21 


41 


51 


33 


8 


26 


21 


3 


13 


16 


5 


15 


13 


23 


25 


40 


9 


17 


25 


29 


59 


41 


9 


29 


24 


25 


37 


14 



335 
28 

78 



27 
66 
54 
45 
47 
37 



Deaths and Injuries from these accidents were reported as follows: 



Accidents rqjorted. 

Deaths 

Injuries 



157 
30 
133 



332 


370 


38 


50 


196 


255 



654 
103 
529 



Every effort is being made by the highway commission to 
eliminate from the state highways those physical conditions 
which contribute to accidents. This past year, the Main- 
tenance Division alone has eliminated 12 grade crossings with 
railroads, by relocating the highway. The importance of elimi- 
nating these crossings on our heavily traveled roads is demon- 
strated when we learn, that of the 103 accidental deaths on the 
state highways this last year, 37 deaths, or over one-third, 
were caused by accidents at grade crossings. Frequently it is 
found that a grade crossing can be eliminated by relocating 
the highway for a much less expense than building a subway 
or an overhead. Many times the only opposition to such elimi- 
nation comes from the few residents who live along the old 
location. It is desired that every county official will use his 
moral influence, although his county may not be able to help 
financially, in bringing about the elimination of grade cross- 
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ings. Certainly no road official should be guilty of lending aid 
to the perpetuation of this form of murder^ for such it might 
be called^ when the crossing can be eliminated at a nominal 
expense. 

Work Accomplished by the Division of Maintenance in 1925 

The work of the Maintenance Division is distributed over 
about 4,000 miles of road and is continuous over this mileage 
throughout the year. Hence, this work is so scattered that 
the average citizen does not realize that the total aggregate 
of work done is so large. This is best brought home to us when 
we examine a summary of the work done, materials used, etc. 

Our records show that during the past year, besides main- 
taining the entire 4,000 miles of state roads and bridges there- 
on, this division completed the construction of 24.9 miles of 
bituminous macadam, 19.9 miles of stone road on an earth 
foundation, 9.3 miles of gravel road on an earth foundation, 
rebuilt 18.3 miles of old road as a new gravel road, and rebuilt 
66.6 miles of old road as a new stone road. 

In the regular routine of maintenance work 106.5 miles 
of road were given a surface treatment of bituminous material. 

During the year this division constructed 61 new bridges, 
installed 474 new pipe culverts, 48 box and slab top culverts, 
and 231 pipe culverts were extended. Nearly 41/2 miles of 
guard rail was constructed, eighty temporary bridges aggre- 
gating a length of nearly a half mile were built to accommodate 
traffic around bridges under construction. 

During the year the division used nearly ly^ million tons 
of stone and gravel, % of a million feet of lumber, I14 million 
gallons of bituminous material and 3% miles of culvert pipe. 

Expenditures 

The following is a statement of the expenditures incurred 
by the Division of Maintenance since its creation : 

SUMMARY OF TOTAL EXPENDITURES FOR SIX YEARS ENDING SEPTEMBER 30, 1925 
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WHAT'S AT THE END OF THE ROAD? 



Abstract of an Address Given at Road School Banquet 
By Edward C. Elliott, President, Purdue University. 



The deep sub-foundation of sentiment, of sense and of 
science, upon which this Purdue University has been erected, 
were laid by a courageous and far-sighted generation of men. 
These pioneers, breaking through the ancient frontiers of hu- 
man privileges, did not, and could not, vision today's far flung 
development of the extraordinary proposal "to promote liberal 
and practical education of the industrial classes in the several 
pursuits and professions of life." 

This original mandate has produced throughout the United 
States a group of institutions, of which Purdue University is 
a proud representative, wherein there is a keen consciousness 
of responsibility for being what their founders intended them 
to be. This, expressed in the language of our day, means that 
I^urdue University has not served its full purpose until all of 
the people of the state, of whatever class or occupation, have 
come to realize that the University is a dependable and sympa- 
thetic agency, always at their disposal, to aid them in meeting 
those needs that determine the satisfactions, the happiness 
and ideals of the life of the ordinary man. 

It is from some such philosophy as this that those serving 
Purdue University derive a feeling of gratification from such 
educational enterprises as is this Road School. This school is 
one of the signally important units of the scheme of practical 
education demanded by practical modern life. The teachings 
carried on here, directly and indirectly, influence every man, 
woman and child in the state ; and many thousands who live 
beyond the borders of Indiana. 

Nowhere in the history of the world is there a more 
dramatic story than that found on the pages recording the 
conquering of that one-time wilderness we now know and 
cherish as the United States. The stages of exploration, of 
settlement, of unification and nationalization of this conquer- 
ing epoch may be written around the thrilling work of the 
path builders. Civilization has traveled a romantic journey 
from the wild game track and the Indian trail to those swift, 
straight, and solid highways of commerce and communica- 
tion which we possess today. The Constitution was but a 
blue print of a nation yet to be. The builders of the roads, 
the canals, and the railways gave practical reality to the 
union, one and indivisible. 
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On such an occasion as this one cannot but feel himself 
in the presence of new pioneers who are building new road- 
ways for the new civilization already upon us. The modern 
highway has suddenly assumed a tremendous economic, civic 
and aesthetic significance for the American people. If our 
national greatness and our national unity are to be measured 
by the quality of American genius for opening and smoothing 
new lands of travel and of communications, then great new 
tasks are now ahead of us. 

As the successors of the first trail makers, the diggers 
of canals and the creators of our railways, the crafts and the 
professions you represent are to exert an influence for good 
or harm upon every firm, every factory and every home in 
the state. 

Geogi-aphically we are one land. Socially and humanly 
we still have great distances to go before we have become 
a people of that singlness of purpose upon which our final 
destiny rests. 

All live and forward-looking citizens of Indiana have, I 
am sure, a deep satisfaction from the progress that has been 
made during recent years with the road building program 
of the state. To be sure this program has cost, and will con- 
tinue to cost, great sums of money. And what appeals to the 
mass of our people is that this program has been accomplished 
without heavily mortgaging the future of the state with bond 
issues. The state has not gone into debt for its new roads 
even though the owners of many roadsters have acquired 
mortgages which they are unsuccessfully trying to bum up 
with gasoline. 

That we need the good roads we have there can be no 
doubt. That we are going to have more and better roads 
than we have, there can likewise be no doubt. Yet there are 
some serious minded ones who are beginning to ask questions 
of consequence. How far will these roads make for a funda- 
mentally better state? How much better off will be the indi- 
vidual citizen of the state when we have forty thousand miles 
of state highways instead of the present four thousand? In 
other words, bow far will all these new roads make for the 
permanent solidity and development of our state ? 

We rightly assume that the roads being built and pro- 
jected will make for better agriculture. Will these same roads 
make for an aggressive constructive citizenship determined to 
promote the best interests of the best rural life ? 

We properly conclude that the new road program clears 
the way for certain business prosperity. Will this same pro- 
gram produce better government? 
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We know that the people of the state want a better and 
more extensive road system for pleasure riding. Will these 
people, who already spend not less than three hundred millions 
of dollars for such travel be willing to spend in taxes as much 
as one-tenth of this amount for the further improvement of 
our state schools and our state parks ? 

These are some of the serious questions which those whose 
duty it is to think for the future as well as live for the present, 
are asking. Unless this great modem public undertaking of 
road construction shall produce something more than those 
profits that make for material prosperity; unless these roads 
furnish something for our people besides the means of speed 
and pleasure; unless they become a new agency by which 
men come to know and to understand one another better; 
unless they become the threads by which we are bound more 
securely to our common heritage of duties and responsibilities, 
then I say to you that we shall have spent our substance in 
vain, and that the roads we build today are leading to the land 
of nowhere, instead of the land of our dreams and our hopes. 

Will hard roads make for a soft civilization is a fair and 
open public question. 



ADDRESS OF TOASTMASTER AT ANNUAL ROAD 
SCHOOL BANQUET 



By Prof. W. K. Hatt, Head, 
School of Civil Engineering, Purdue University. 



On behalf of Purdue University and the School of Civil 
Engineering I desire to welcome to this banquet the members 
of the organizations constituting the Twelfth Annual Road 
School, namely : The Indiana State Highway Commission, the 
Indiana County Highway Superintendents' Association, the 
Indiana County Surveyors' and County Engineers' Association, 
and the City Street Commissioners* Association of the State of 
Indiana, including County Commissioners, City Engineers and 
Contractors. The members of these associations are public 
officials of this state and in like manner to the Purdue Faculty 
are dedicated to the service of the state. 

For the first time this year, through the co-operation of 
the School of Electrical Engineering, these public officials as- 
sembled in this meeting are part of a much larger invisible 
audience reached through the radio broadcast. 
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The purpose of this Road School, conducted by the School 
of Civil Engineering as a part of the Engineering Extension 
of the Engineering Schools, is to discuss the serious problems 
of highway transportation in this state — it is to mobilize the 
growing fund of information obtained by individuals who have 
solved successfully their local problems. A program has been 
arranged by Professor Petty in co-operation with the commit- 
tees of the associated organizations in which the more impor- 
tant topics are presented by leaders throughout the state, and 
discussed by the assembly. In this way abilities of the many 
members of the Road School move upward with the rising 
level of knowledge and technical accomplishments of their fel- 
lows, and they return home and transmit new principles and 
now methods to their assistants and to their constituencies. 
\yith stiffer determination to fight for what they know to be 
right against all uniformed criticism, or that arising from 
the interests of individuals. 

The sessions have a serious purpose, and one has only to 
look into the faces of the 400 delegates assembled at the ses- 
sions to realize the close attention given to the discussions 
and the vital interest of these delegates in their duties. The 
usual fringe activities of conventions are absent, namely: 
elaborate exhibits of producing organizations and the enter- 
tainment functions which are likely to divert the attention 
of the delegates from the sessions of the school. In other 
words, this Road School is at one in the methods and purposes 
of instruction at Purdue Univei'sity. 

It is not to be thought that the Road School started full 
grown at the beginning. It is now a going concern, but the 
present successful organization was only reached after a pro- 
cess of trial and error beginning in 1913 with a rather am- 
bitious program of two weeks instruction for all the public offi- 
cials who have to do with public works in the state. The grow- 
ing seriousness and complexity of road problems naturally led 
to the special attention given to these matters in a Road School 
in 1915. At this time the position of county highway super- 
intendents was not firmly fixed. There was a period when 
many bills were introduced in the legislature to abolish this 
oflRce. We are glad to recognize the fact that the increasing 
efficiency and the success with which these county highway 
superintendents have accomplished their tasks has firmly en- 
trenched this office in the minds of the public. Such com- 
plaints as may have occurred have come from the individual 
lack of success of a single county highway superintendent 
rather than the action of the body as a whole. Purdue Uni- 
versity ventures the hope that the quality and action of the 
Road School has sei-ved to advance the work of the county 
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highway superintendents and through them to bring about a 
more intelligent and economical maintenance of our county 
road systems. There are 92 of these superintendents, with 
about 1,656 assistants and over 3,000 temporary employees. 

It must be remembered that while the acute problems of 
transportation occur on the heavily traveled state road system, 
comprising approximately 4,000 miles of highway, yet these 
county road superintendents have to do with approximately 
35,000 miles of our roads. It would surprise many of our 
citizens to know that individual county highway superintend- 
ents spend over $100,000 a year in taking care of road sur- 
faces. Expenditures by counties vary from $10,000 to $300,- 
000 per year, totaling about $7,000,000. Therefore the county 
highway superintendent is an important public official, and 
should receive the co-operation and intelligent assistance of 
business men and others interested in our roads. Those of us 
who have been in contact with the Road School since 1915 
believe we have observed a growing sense of importance of his 
job on the part of the highway superintendent and a devotion 
to his task which leads him to come back to this Road School 
and find out the best there is to know, in order that he may 
apply it to his local circumstances. 

Indeed the growth of ability with the increasing serious- 
ness of road problems is not confined to the county highway 
superintendents. The State Highway Commission was at first 
built on unsettled foundations. It has grown in outlook and 
character of organization as our road situation developed. It 
is only necessary to refer to the increasing load on the road 
until now some twenty millions of motor vehicles in the U. S. 
are breaking down and wearing out those road surfaces which 
were designed for a much lighter service. Indiana is the link 
that connects major lines of transport east and west, north and 
south. Mr. Sheets, Head of Department of Highways of the 
State of Illinois told us in meeting the other day that in spite 
of the years of study and hundreds of thousands of dollars 
spent in scientific investigations in Illinois to determine the 
design of road slabs they were still seeking answers to many 
of their problems. 

Since this meeting is one of public officials of the State of 
Indiana charged with public duties and representing a wide 
constituency, and not, as so many of these conferences a group- 
ing of private citizens, it follows therefore, that the School of 
Civil Engineering of Purdue University, which has been, and 
still is, a training school for state officials having to do with 
public works, is, in this Road School merely caiTying out on 
a different level the process applied to the students registered 
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in the school curriculum. Some 300 of the alumni of the School 
of Civil Engineering and many others who have had instruc- 
tion in the School of Civil Engineering are employed now in 
directing or building roads, bridges, and other structures of 
this state. They will be found on the staff of the State High- 
way Commission, the Department of Conservation, the State 
Tax Board, and they fill positions of county engineer, county 
surveyor, county road superintendent and city engineer. 

County Surveyors 

Our friends, the county engineers and county surveyors 
who were with us in 1913 and have been attending the Road 
School individually since that time have now joined the Road 
School officially. A law was passed at the last legislature 
similar to the law provided for the county highway superin- 
tendents directing these county engineers and county sur- 
veyors to attend this school at Purdue University and provid- 
ing for the expenses per diem and subsistence. 

The office of the surveyor is a most important one, as the 
county surveyor is responsible for surveys, plans and specifi- 
cations for all county and township roads, plans and specifi- 
cations for bridges, surveys and plans for drainage systems 
and many other duties of equal importance. A technically 
trained engineer can save the taxpayers of a county consider- 
able sums of money during his term of office due to the greater 
efficiency and ability in this line of work. 

Eighteen Purdue men are now county surveyors over In- 
diana, and are among those attending the Purdue Road School. 
All of these activities of the Road School are finally expressed 
in the receipt by the taxpayers of a dollar's worth of construc- 
tion and maintenance for a dollar's worth of road taxes. 

It is the engineer who stands for the public in matters of 
plans, materials and construction. He must fight for what 
he believes to be right in his informed opinion. He may be 
defeated by higher officials whose business it is to express the 
final opinion, but up to that time he should carry with him 
the determination of his convictions. 

At the present time the engineer needs special study and 
access to sources of reliable information to enable him to decide 
between the conflicting testimony of representatives of pro- 
ducing interests who present only a partial view of a problem. 
I refer to the growing practice of industry in establishing 
technical staffs that are a part of the overhead organization 
for the promotion of the use of various products employed in 
engineering constructions. These staffs ai'e not composed of 
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the ordinary type of sales engineer, but are technically trained 
men coming up through research and study. They have been 
students of general problems. For instance, the lumber in- 
terests, the burned clay interests, the Portland Cement inter- 
ests, the brick interests, the sand and gravel interests, the 
crushed stone interests and a number of others have been able 
to attract to their organizations men who have been associated 
with research and intensive study of difficult problems of 
technology. Their researches in the field, their duties, are of 
a highly involved nature. The validity of their conclusions 
is only to be determined by analysis of underlying conditions 
of the experiments that but few are able to make. I say the 
engineer of the present day is in a difficult position trying 
to reconcile conflicting evidence or to satisfy himself of the 
conditions under which experiments or tests have been made, 
and which are referred to his judgment. This is all the more 
reason, therefore, why he should devote himself to study and 
come in communication with his fellow craftsman and engineer 
in associations of this kind where there may be a free ex- 
change of information and judgment. 

Indeed controversies between rival producing interests 
may become so acute as to delay needed improvements. 

I welcome the free expression in open meetings of these 
controversies. Differences of opinion and controversies become 
more acute when, talked of under cover — a matter of innuendo, 
of backstairs gossip. If men attempt to settle their differences 
of opinion in open meeting, they will find that many disputes 
are entirely unnecessary, misconceptions are removed, and 
that a common ground of action will be found. A most ad- 
vantageous application of any one material or machine will 
then be determined and unnecessary friction, which engenders 
heat and is expensive, will be eliminated from the wheels of 
industry. Industry itself will be on a firmer basis. 

So much, therefore, for the setting of this Road School. 
The whole picture is one of reduction of cost of transportation. 
These transportation costs amount to one-third of the general 
cost of production in industry. 

These men assembled here at the Road School are the 
busy bees whose toil creates the honey which our motorists en- 
joy on good roads, making their life sweeter, easier and more 
enjoyable by eliminating tire changes and reducing garage 
bills. It is a long way from the beginnings of road construc- 
tion in 1816 when a man named Macadam changed the whole 
theory of construction of roads with his idea that a stone 
going into a road surface should pass through a 214 inch 
ring. 
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But tonight we are assembled not for detailed instruc- 
tion, but to enjoy a rest from schooling. 

"The wisest men that e'er you ken 

have never deemed it treason 
To rest a bit, to jest a bit, 
And balance up their reason, 
To laugh a bit, and chaff a bit 
And joke a bit in season." 



PATCHING AND RESURFACING CITY PAVEMENTS 



By D. B. Davis, 
City Engineer, Richmond, Indiana. 



City pavements are structures which are subjected to 
very great abuse. Consequently they must receive consider- 
able attention and repairs to keep them in a serviceable condi- 
tion. The causes which contribute most largely to their de- 
terioration can be defined as those due to foundation defects, 
surface defects, presence of street car tracks therein and util- 
ity cuts. 

The cuts in pavements made by utility companies cause 
greater distress and inconvenience to the official and the travel- 
ing public than any other. Although efforts are made to get 
a sufficient number of service pipes laid prior to laying of the 
pavement, the growth of cities and business constantly neces- 
sitates the laying of additional mains and service connections. 
This is a temporary inconvenience and should not be dis- 
couraged, but rather it should be so regulated that repairs can 
be made quickly and efficiently. 

For the city to properly maintain its pavements, it is 
necessary that it have complete control over all excavations 
and replacements. If complete responsibility is centered on 
the city authorities, they may then receive the censure for 
negligence or likewise may receive the credit for strict atten- 
tion. 

In Richmond, Indiana, such responsibility is placed upon 
the city by ordinance, the city refilling all trenches and re- 
placing the surface with its own forces. 

In this connection, it is essential to good business that 
costs be kept of all repair work. This may be done effectively 
by means of the usual work-order system. In this way relative 
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costs can be obtained for repairing cuts in the various types 
of pavements. 

The efficient repair of pavement requires adequate equip- 
ment and tools. Considerable saving may be effected by using 
modem methods and modem equipment. 

For patching, the Richmond street department has an 
outfit consisting of a Fordson Tractor pulling a two-wheel 
trailer wagon, having a capacity of 2t/2 cubic yards. This 
wagon was constructed in the city work shop. The body is of 
wood, resting upon a low wheel trailer support with the sides 
of the bed hinged at the third point, to better facilitate the 
removal of material when the bed is partially empty. At- 
tached behind the trailer is a tar heating kettle. It has a 
warming rack under the hood for an extra barrel of tar. Two 
men, the driver and a helper, constitute the working force for 
each patching outfit. 

Methods 

When an excavation has been made in any pavement and 
the trench ready for refilling, the city is notified by the party 
making the service cut. The filling is then replaced in layers 
and thoroughly tamped. If it is in saturated clay or other 
soft material, it is replaced by gravel. This is essential if 
a firm sub-base is to be secured in any reasonable length of 
time. 

In gravel and macadam pavements, after the earth is re- 
placed, the old surfacing material is used on top. Care being 
used to leave it level with the surface of the surrounding 
pavement and not heaping it up to allow for future settle- 
ment. The trench will no doubt settle somewhat, in which case 
it should be refilled until it is ready for the placement of the 
permanent surface patch. To leave a trench heaped high, 
without adequate red lights, is negligence in this motor age. 

In case of trenches in the business district, where thei'e 
are plate glass show windows, no temporary surfacing ma- 
terial should be used which contains particles which can be 
thrown through the glass by passing autos. We have found 
that a layer of asphalt is most effective for this purpose. Its 
cohesive character tends to prevent the dislodgment of any 
loose particles and gives a smooth riding surface while the 
trench is adjusting itself for its permanent patch. 

In placing the permanent patch on trenches in a surface 
treated gravel or macadam pavement, certain requirements 
should be met. The top material should be removed to the 
required thickness of three inches. If there is a lack of suffi- 
cient foundation material beneath this thickness, it is pro- 
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vided in the usual way. For permanent patch, coarse stone 
is thoroughly tamped into the trench over which V/o gallons 
per square yard of Tarvia X is uniformly poured. Over this 
is then spread a sufficient amount of % inch stone chips to 
completely fill the voids and leave a slight excess. When these 
chips are tamped into the coarse stone, 1/2 gallon per square 
yard of Tarvia X is again uniformly poured over the stone 
and especially along the edges of the patch. Over this second 
pouring, a light layer of coarse sand is spread. Particular 
care is used to keep the patch level with or slightly below 
the surrounding pavement. 

In patching small depressions in surface treated gravel 
or macadam streets, a somewhat different method is followed. 
After the depression is thoroughly swept free of all dust and 
foreign substance, by a steel or stiff fibre broom, a light coat 
of Tarvia X is sprinkled around the edges of the patch and 
clean % inch stone chips are spread, leveled and tamped 
smooth. A light weight straight edge is useful in testing the 
finished tamping to detennine if it is above the surrounding 
surface before the tar is poured over it. For a finish, a light 
sprinkling of sand is applied. 

Gravel or macadam pavements which have not been sur- 
face treated should not be patched with bituminous materials, 
as these bituminous patches will after a short while stand up 
like islands in the street, due to the surrounding pavement 
wearing faster than the patch. 

Patching Pavements 

Rock asphalt is a material, which we have found, lends 
itself readily to patching various types of pavements. It is 
a material composed of fine sand intimately mixed by nature 
with from 7 to 9 per cent of bitumen. This material has the 
advantage of being easily stored for future or constant use, 
without losing any of its inherent qualities or without the 
need of mixing other materials with it. We have used it for 
patching concrete, sheet asphalt and brick pavements. 

Depressions in concrete or brick are first swept clean, 
the surface painted with asphaltic cement and the rock asphalt 
tamped or rolled into them. The level of the rock asphalt 
should be left at least three-sixteenths of an inch high to pro- 
vide for the compression which traffic will ultimately give it. 

To patch sheet asphalt, the old surface material is cut 
out completely as in repairing with sheet asphalt. The sides 
of the patch are made rectangular in shape with the thickness 
of the old surface cut vertical. After cleaning out all foreign 
matter, the edges of the old pavement are painted with liquid 
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asphalt and the rock asphalt spread and compacted as for 
repairing concrete or brick. 

To secure a smooth job, it is essential that the rock asphalt 
be pulverized into as small particles as is possible by means of 
raking and no lumps should be left on the surface. In cool 
weather this pulverizing can be materially expedited by warm- 
ing the material before spreading. Our heater, which was 
designed by the street commissioner, is a double sheet iron 
pan with sides, mounted on low iron wheels, with a stack at 
one end. A small fire is maintained under the heating surface, 
upon which is deposited the lumpy rock asphalt. An attend- 
ant keeps the material stirred with a rake until the lumps are 
all broken when it is wheeled or shoveled into place in the 
patch. The warmed material resembles sheet asphalt surface 
mix, crawling and full of life. Constant stirring will prevent 
burning while warming. 

Cuts made in brick pavements are replaced with brick. 
A substantial foundation composed of 8 inches of Portland 
cement concrete reinforced with wire mesh or rods is laid 
3 inches wider than the trench. This is to furnish support 
for the slab. Upon this is placed the sand bed and the brick 
in the usual manner. The joints being filled with asphalt 
or tar. 

Cuts made in concrete pavements are likewise replaced 
with concrete. Formerly this was considered impossible, but 
now is done very successfully if but a few details are observed. 
The edges of the old concrete are thoroughly cleaned with 
water, using a wire brush. This cleaning should not be slighted 
in any respect. A thin paste of rich mortar is then binished 
over the cleaned surface with an old broom. Before the sur- 
face of the edges have dried, the concrete for the bulk of the 
patch is poured, tamped and finished as for concrete pave- 
ments. The important item is to trowel the edge of the patch 
where it meets the old pavement, in such a way that there 
will be little chance of raveling. The patch should be cured 
to prevent rapid, excessive shrinkage. The use of quick hard- 
ening cement is fast coming into use for street repairs and is 
especially suited for patchwork such as this. 

Cracks in concrete pavements should be repaired imme- 
diately after they become of such width that liquid asphalt 
or tar can be poured into them. When cracks in concrete 
pavements are not properly filled, traffic soon ravels out the 
edges until they become unsightly. Concrete pavements should 
be thoroughly inspected in the fall of the year and the repair 
work finished before cold weather. 
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Our experience in patching pavements has taught us the 
following fundamentals which we endeavor to have the work- 
men follow : 

Bituminous patches on unsurfaced treated gravel or mac- 
adam have proven unsatisfactory. 

It is better practice to replace pavements over service cuts, 
using same type materials as the original pavement. 

In pouring a bituminous patch, to use sufficient material 
to coat the particles without making it "fat." 

Paint-coat the surface of old concrete or brick where 
rock asphalt is used in resurfacing. 

Observe the little details of construction which have been 
evolved from the experience and experiments of others. Do 
not treat them as being inconsequential or unnecessary. They 
are the result of the failure and success of others before you. 
Profit by their mistakes. 

Resurfacing City Pavements 

Most modem city pavements consist of a foundation and 
a surface course ; either constructed separately as with sheet 
asphalt or brick on a rigid or flexible base or constructed 
simultaneously as a concrete pavement. 

For any type of pavement to give continued service it is 
essential that there exist a well drained sub-soil, a stable 
foundation and a wear resisting surface. In years past many 
such wonderful pavements of various types and designs were 
constructed, returning to the taxpayers every dollar's worth 
of investment in real service. But as time progresses and 
traffic increases, the surface of these pavements wear down, 
some evenly and some so unevenly that they become unfit for 
travel. Whence, complying with a popular demand for a new, 
smooth pavement, the authorities proceed to replace them. In 
many of these cases, all that is needed is a renewal of the 
surface course. The foundation may be in perfect condition, 
having received the compaction of years of traffic, which is so 
much more effective than can be secured in any other way. 

Inasmuch as economy is the aim of good engineering, it 
behooves the one in charge to make all necessary investiga- 
tions to determine the adequacy of the existing foundation, 
to the end that it may be preserved. If this can be accom- 
plished, a saving of approximately $1.20 per square yard will 
be made. 

When all information is at hand, the design of the surface 
for each particular job can then be determined on its merits 
and becomes purely a matter of the engineer's judgment. 
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In Richmond we have effected a considerable saving by 
using bituminous surface over old worn pavements. This re- 
surface work has come under two heads; that which is done 
without removing the old pavement surface and that which 
does remove it. 

In our experience we have resurfaced with the following 
types : 

Bituminous macadam over old gravel and old macadam 
pavements. 

Sheet asphalt over old gravel and old macadam pavements. 

Rock asphalt over old macadam and old brick pavements. 

Preparation of the Surface 

Where a bituminous top is to be laid over an old gravel 
or macadam street from which a portion of the old surfacing 
is to be removed, great care is exercised in making the excava- 
tion. The scarifier teeth are adjusted so that only part of the 
required depth is loosened at a time, leaving the surface firm 
and compact after the removal of the loosened material. 

Where the depth of the gutter may be reduced, the pres- 
ent surface is first cleaned and when using sheet or rock 
asphalt for the surfacing, the pavement is brought to profile 
by the use of black base. When using bituminous macadam 
for the surfacing, the small irregularities can be adjusted by 
an excesPi of stone. 

Soft places in the foundation and service cuts are rein- 
forced by a six-inch Portland cement concrete or black base 
slab. 

Rock asphalt is a material which is well adapted for re- 
surface work. It has been used successfully in many cities 
in this state and others. It is a material comparatively simple 
to handle and requires a minimum of contractor's equipment. 

In the resurfacing of old macadam, it is essential that 
the rough aggregate in the old surface be exposed by thorough 
sweeping. This provides a bond for the surfacing asphalt. If 
a firm, clean surface cannot be obtained, it is often advisable 
to excavate and replace with a layer of new stone 2V2 inches 
in thickness, constructed and water-bound as in macadam base 
construction. 

Guide strips are laid four to five feet apart between which 
the asphalt is raked and smoothed. The strips are of such 
depth as to provide for one-third compaction. 

Care is exercised in thoroughly raking the material and 
leaving the top of the finished surface free of all lumps. 

Rolling is done in the customary way with a ten-ton roller, 
until the surface is smooth and compact. 



Digitized by VjOOQIC 



TWELFTH ANNUAL ROAD SCHOOL 103 

In resurfacing over brick or concrete the surface is thor- 
oughly washed and swept clean, then brought to profile with 
black base, after which the cleansed surface is uniformly 
painted with asphaltic cement by means of an ordinary white- 
wash spray. 

If desired, the rock asphalt may be feather edged 5 to 6 
feet from the gutter and also at the car tracks, if any exist. 

One inch thickness has proven suitable for this surfacing. 

Sheet asphalt has been and is now being used quite ex- 
tensively as a resurfacing over old pavements of all types. 

This material is laid in resurface work similar to con- 
structing it on a prepared foundation. 

Sheet asphalt cannot be successfully feather edged. It 
requires a shoulder. 

Bituminous macadam has been used successfully over old 
gravel and macadam pavements and is doing a large service 
on the state roads. 

The same methods of construction are followed in re- 
surfacing as in new construction. 

There are other types of resurfacing materials which 
have given service in many cities of the country. I have only 
mentioned those we have used in Richmond. 



GREATER SAFETY AT RAILROAD HIGHWAY 
CROSSINGS 



By Chas. E. Hill, 

General Safety Agent, New York Central Lines, 

New York City. 



In discussing safety regulations at railroad highway cross- 
ings we must do so from a broad standpoint, having in mind 
not only the problems with which we are confronted today 
but we must also take into consideration the conditions we 
may reasonably expect to exist in the future. This subject 
is a vital one and is of tremendous importance in any plan we 
may adopt in our efforts to reduce accidents at railroad high- 
way crossings. 

During the seven-year period from 1917 to 1923, inclu- 
sive, as a result of crossing accidents in the United States 
there was a yearly average of 1,882 deaths and 5,100 injuries, 
and during 1924 there were 2,149 persons killed and 6,525 in- 
jured in this manner, an average of 24 casualties per day, as 
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compared with 9 per day 12 years ago, an increase of 167 
per cent, which is not in harmony with the increase in the 
population of our country during the same period, amounting 
to only 15 per cent. 

We must not overlook the fact that casualties resulting 
from crossing accidents are not confined to the user of the 
highway, for in 1922 there were 27 derailments of trains due 
to accidents of this character, causing death and injury to 138 
railroad employees and passengers, in addition to a tremendous 
loss of property. 

The Physical Situation 

On December 31, 1924, we had in the United States 
242,807 crossings at grade. In seeking a remedy we must 
do so upon the theory that the future holds no panacea insofar 
as the physical situation is concerned, for it has already be- 
come an acknowledged fact that a solution of this problem, 
through crossing elimination, is unthinkable by reason of the 
prohibitive expense, conservatively estimated at 20 billion dol- 
lars, and the time required to perform such a stupendous 
task. Twenty billion dollars is greater than the preliminary 
estimated value of all railroad property as made by the Inter- 
state Commerce Commission. It is almost equal to the com- 
bined resources of the national banks of our country. Cer- 
tainly, no further argument should be necessary to show the 
utter inability of the railroads and the municipalities to shoul- 
der such a fiancial burden. 

A progressive plan of crossing elimination should be 
carried on, and so far as the New York Central Lines are con- 
cerned this policy is being pursued, this feature being taken 
into consideration in the preparation of the annual budget. 

A gradual process of crossing elimination has been and 
still is being carried on by the railroads, but they have been 
seriously handicapped by the addition of many more new 
crossings. For example, in 1923 (which is the latest year for 
which statistics are available) the railroads of the country 
eliminated 972 crossings at a cost of about 100 million dol- 
lars, but during the .same period 3,065 new crossings were 
constructed under conditions over which the railroads had no 
control. Even should crossing elimination be conducted on a 
more general scale we could not hope for a solution of the 
problem by this means for many generations to come. We 
must, therefore, accept the situation and meet the conditions 
as they exist. 
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Th€ Motor Vehicle 

We have in the United States, in round numbers, twenty 
million motor vehicles. The motor vehicle is specifically con- 
cerned since it will be involved in 90 per cent of our crossing 
accidents this year. The number of automobiles will continue 
to increase, for it is estimated that in seven years there will 
be not only one car for every six persons as exist today, but 
the ratio will be increased to one car for every four persons; 
in fact, by that time we will have 33 million motor vehicles, 
a number sufficient to supply one vehicle to each individual 
that is old enough to reach the steering wheel. 

The automobile today is an absolute necessity in the con- 
duct of the business of this country and progress will demand 
not only its continued use but a greater extension of its serv- 
ices. It is by reason of this situation that it becomes impera- 
tive that we, in our attempt to provide a remedy, not only 
endeavor to take care of our present day needs but of the 
future as well, and this will include a regulation of the use 
of the motor vehicle so that it will serve the puiposes for 
which it was intended. 

Analysis of Accidents 

In making this analysis we find 70 per cent of our cross- 
ing accidents occur in daylight, 63 per cent at crossings where 
there is no obstruction to view and a large majority at cross- 
ings with which the driver is familiar — in the community 
where he resides — which clearly indicates that he is so familiar 
with the situation he feels he is immune to danger and drives 
heedlessly on the tracks without using any care whatsoever; 
or he sees the train approaching and increases his speed in 
an eflfort to beat it over the crossing. It is, also, of interest 
to know that one out of every 5 crossing accidents results from 
the automobile running into the side of the train. Some driv- 
ers failing to beat the train over the crossing attempt to 
"butt" it off the track. 

A large percentage of drivers are wholly incompetent, 
due to either mental or physical defects. Mental, due to in- 
ability to read or understand the English language ; physical, 
due to impaired vision or hearing, immature age and enfeebled 
condition, due to old age. A large number of these accidents 
can be charged to intoxicated drivers. It is certainly indicative 
of something lacking in our laws when men of the type de- 
scribed as mentally and physically defective are permitted to 
drive automobiles. But, it is obviously grossly neglectful to 
permit them to be operated by drunken drivers, 
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A judge in one of our large cities some months ago re- 
marked from the bench that an automobile in the hands of 
an intoxicated driver is far more dangerous than a loaded 
revolver in the hands of a maniac on a crowded street. 

Contrast the comparative qualifications of the driver of 
an automobile and the driver of a locomotive. The former, 
as a rule, needs no qualification other than his ability to pos- 
sess a car. He is not only unfamiliar with its operation but 
is lacking in a knowledge of our laws governing its use on 
the highways. In many instances his responsibilities are such 
that he is weakened in his regard for the rights of others. 
Whereas, the locomotive engineer has earned his right to a 
seat in the cab of his engine by virtue of many years of train- 
ing. He is not only familiar with its mechanism and opera- 
tion but also with the rules governing its movement over the 
road. His responsibilities are a part of his makeup. He sits 
in his cab not only with these qualifications but with a steady 
hand, a clear head, a brain that is nowise affected by any- 
thing he may have drank and with a keenness which is so 
alert that he is, in fact, a part of the locomotive being oper- 
ated under his guidance. 

While 25 per cent of the drivers do not use the care 
lequisite to safety, yet, only about 5 per cent are grossly 
neglectful, using no care whatsoever. Thus, we find that only 
a small percentage of the drivers are careless, yet, if this were 
not true it would only be a few years until our country would 
be depopulated, for during last year, as a result of automobile 
accidents in our streets and highways, including those occur- 
ring at railroad crossings, there were 19,000 persons killed and 
450,000 injured, an increase of 700 per cent in 12 years. The 
percentage of careless drivers is small, yet it represents a 
large army of 1,000,000 reckless demons flitting about the 
country having no regard for their own safety or the safety of 
their fellow men. 

The reckless motorist is regarded as the greatest menace 
we have today in the safe operation of passenger trains, for 
he is, indeed, a potential train wrecker. 

While crossing accidents during the past 12 years have 
increased 167 per cent and automobile accidents of all kinds 
have increased 700 per cent it is interesting to know that 
during the same period passenger fatalities on the American 
railroads have decreased 59 per cent. While the railroads have 
in certain instances reduced the speed of some of the best 
passenger trains as a greater assurance of safety, the speed 
of the automobile has increased. The act of foolhardiness 
has been changed from "Blowing out the Gas" to "Stepping 
on the Gas." 
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In showing the relative comparison of safety in travel by 
automobile and by train your attention is called to the fact 
that during 1924, which is the latest year for which we have 
available statistics, there were 19,000 persons killed by motor 
vehicles, of which number 6,650 were passengers in the ma- 
chine. There were, also, 450,000 persons injured, of which 
number 157,500 were passengers in the machine. During the 
same year there were 41 passengers killed and 2,260 injured 
in the United States as the result of passenger train acci- 
dents. In other words, confining ourselves to casualties to 
persons riding in the motor vehicle and to casualties to pas- 
sengers resulting from train accidents, we find the motor ve- 
hicle deaths outnumber those to passengers on trains 160 to 1 
and the injuries 70 to 1. 

As regards public safety, the public is responding to our 
appeals for co-operation. We are receiving the support of 
national, state, county and municipal officials. We are receiv- 
ing aid from those organizations having to do with the manu- 
facture and sale of automobiles. Many civic bodies are con- 
tributing nobly to this work and the churches and schools 
are lending most effective support. But this co-operation 
needs developing. If our contact with automobile drivers was 
as close as it is with our employees and the response toward 
co-operation was proportionate we would reduce crossing acci- 
dents 50 per cent within a year, and eventually would bring 
them down to an infinitesimal number. 

It seems that tragedies of an appalling nature are neces- 
sary to awaken the conscience of America. The accident fre- 
quency in this country has reached such gigantic proportions 
as to demand national recognition and, due to this fact, the 
Hon. Herbert Hoover, Secretary of Commerce, called a Na- 
tional Safety Conference, at Washington, last December. This 
conference devoted two days to a careful study, discussion 
and analysis of the accident problem. Every agency having 
to do with the causation and prevention of accidents partici- 
pated in the program. President Coolidge in addressing this 
conference said : "If the death and disaster that fall upon the 
innocent people during the year and throughout the country 
as a whole were concentrated into one calamity we would shud- 
der at such a tremendous catastrophe," and in speaking fur- 
ther he said: "The yearly toll of accidents has reached an 
appalling total, the evil is so widespread as to be of national 
concern." 

The Remedy 

What is the remedy? This is a joint responsibility be- 
tween the railroads and the public. The railroads have a duty 
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to perform. We must not lessen our efforts toward increased 
efficiency in the maintenance and protection of highway cross- 
ings and in the manner of train operation as it applies to 
accidents of this character. Our every act in the discharge 
of our duties in this regard must carry a sincerity of puipose 
of such positive character as will convince the public of our 
real devotion to a most worthy cause. 

The remedy lies largely in a constructive campaign of 
education. We must find some means to curb the reckless 
motorist and at the same time make driving safer for the 
great majority of motorists who are careful. 

As an aid to this plan I would suggest the public can 
render effective service by carrying out the following sug- 
gestions : 

1st. The prevention of the building of unnecessary high- 
ways across railroad tracks. 

2d. The elimination of crossings through the re-routing 
of highways wherever possible. 

3d. The elimination of obstructions to view on the high- 
way within 500 feet of the crossing. 

4th. Require every owner, driver and insurance carrier 
of every automobile involved in an accident causing personal 
injury to report full details thereof to designated state officials. 

5th. The enactment of stringent laws requiring a proper 
standard of qualifications, making it impossible for motor cars 
to be operated by those who are unable to meet the required 
mental and physical tests. 

My belief in the justice of our cause, coupled with my 
deep-seated faith in the fairness of the American people, gives 
me hope for the future. I believe the signs of the times point 
to a rule of law laying down a standard of competency to be 
met before licenses to drive motor vehicles will be issued. 
When this is done we will weed out a large army of present- 
day drivers who, by reason of defective vision, cannot see the 
train, much less the crossing ; who, by reason of impaired hear- 
ing, cannot hear the roar of a cannon, much less the locomo- 
tive whistle ; who, by reason of mental defects, cannot under- 
stand the operation of the car, much less the rules governing 
its use on the highway. We will weed out the old and decrepit 
who have retired from every form of activity excepting the 
God-given right to drive the family car; and, lastly but not 
least, we will remove from the steering wheel those whose 
right to operate a car is in fact a travesty on justice — the 
drunken driver whose acts are materially augmenting our 
casualty record at this time. 

Through a greater spirit of co-operation there were 119 
fewer crossing fatalities in the United States in 1924 than in 
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1923. It is our hope that all organizations and agencies, civic, 
political and otherwise, that are in any manner concerned in 
the consei'vation of life and limb and whose aid is so essential 
in the success of this movement will unite in a common enter- 
prise and that as a result our co-operation will become more 
extensive, so that it will assume a force of such magnitude 
and power as will sei-ve to wipe out this needless slaughter of 
human life. 



SURVEYS AND PLANS FOR COUNTY ROADS 



By W. W. Southard, 
Marion County Surveyor. 



There has been a great improvement during the last ten 
years in the method of making road surveys and in the care 
taken in the preparation of plans for road improvements. 
Formerly it was almost universal custom for surveyors to run 
levels down the center of the proposed road and merely plat 
a profile showing the difference in elevation at one hundred 
foot stations. A new grade line was shown which gave the 
cuts and fills in the center of the road but there was no way 
to determine the amount of earth to be excavated at the sides. 
Consequently the surveyor's estimate was a guess, and simi- 
larly the contract in making his bid could only approximate 
the amount of earth to be moved. 

The entrance of the State Highway Commission into the 
field of road construction has given the surveyors of the state 
an example to follow in the method of making surveys and 
the preparation of plans. The Bureau of Public Roads of the 
U. S. Department of Agriculture has laid down very exact 
and definite requirements which must be met by all states on 
Federal Aid Roads. In turn the Indiana Highway Commis- 
sion has made rulings covering the plans to be submitted to 
them by the counties when asking state approval of plans and 
specifications. This, together with the desire of most sur- 
veyors to prepare plans as nearly approaching the perfection 
of those of the State Highway Commission as practical, has 
resulted in the improvement mentioned above. 

I will try to outline briefly the methods to be followed in 
surveys of the different types of roads in this state. 

In the central and northern part of the state most of the 
roads follow section or half-section lines. In the southern part 
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of the state, on- account of the rough and hilly nature of the 
topography, it was necessary in most cases to locate the early 
roads to follow the water courses and wind around the hills, 
"meandering" roads I will call them. 

In the re-survey of roads of the first type mentioned the 
section and half-section comers should first be located. In 
case any of these have been removed the surveyor should 
make a re-survey of the section and set the comer, as it is 
essential that the permanent improvement should be correctly 
located so that our successors will not make wrong assump- 
tions on land surveys. These section and half-section corners 
should be referenced so that if taken out during grading and 
construction, permanent markers can be set in the surface of 
the finished road. 

After the corners are located the center line of the road 
should be run with an engineer's transit and each station 
marked, either by means of an offset stake set along the side 
of the road at some definite offset, or by means of marks in 
the center of the road. I prefer the latter method and use 
for this purpose a two-inch oval head spear point hinge nail 
with a small piece of red calico two inches square. We find 
that these center line markers will stay for a sufficient length 
of time to permit us to get about two or three miles of center 
line located, then come back and run levels over the points. 

In running levels it is always desirable to use sea level 
datum. If you have no elevations based on this datum such 
can usually be secured by writing to the division engineer of 
any railroad running through the locality. Where sea level 
datum cannot be secured it is permissible to assume a start- 
ing elevation. The elevation should be secured at all center 
line points and abrupt breaks in ground level, with elevation 
of sufficient points on each side of the center line to give an 
accurate cross-section of the road at that point. The flow 
line or channel elevation at all pipe culverts and other struc- 
tures should be secured, also the floor of bridges and slab cul- 
verts and the top of the crown on all arch structures. 

It is well also to ascertain the condition of all culverts and 
structures and note same in the field book. Look through 
pipes and see if they are functioning properly or if they are 
worth leaving in place and make recommendation on each. 
Sketch all structures and supply all important dimensions so 
that plans can be prepared for widening or repairing if the 
condition warrants. 

Bench marks should be set at intervals not greater than 
one-fourth mile and upon completion of the profile check levels 
should be run back over these benches. This will locate errors 
in rod readings or computations during the survey and save 
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trouble when construction is begun. You will find it of great 
assistance later if you make recommendations in the field book 
regarding the amount of cutting or filling advisable at various 
points and also concerning drainage features that may be 
noticed during the survey. 

On the winding or meandering roads the procedure is as 
outlined above, except that the location of center line is not 
limited. These old roads have been located on vague descrip- 
tions which in most cases are impossible to relocate and the 
surveyor is at liberty to pick his new location to fit modem 
requirements. He can vary from the original road where de- 
sirable to make a better location and should exercise his judg- 
ment in such matters as the survey proceeds. The new cen- 
ter line should be tied into the nearest section or half-section 
comer and the angle between the center line and section lines 
read. Reference in all deflection points, measure the external 
or distance from point of intersection of tangents to the loca- 
tion desired for center line on curves, and from the table of 
"Functions of a One-degree Curve" in the Engineer's Hand 
Book ascertain the degree of curve and the tangent lengths. 
The curve can then be run in and cross-sections taken from 
points on the new center line. 

In preparing the report of viewers and engineer a cor- 
rected description should be used so that the road as relocated 
can be put on future maps and plat books. 

In drafting the plans it is advisable to use the plan and 
profile sheets recommended by the Bureau of Public Roads, 
either Plate I or Plate II. The contractor for county printing 
can secure these for you and if paper is used the cost is not 
high. The plan should show all physical features on the 
existing road, such as fence lines, pole lines, railroad or inter- 
urban tracks, buildings near enough to the road to be affected 
by the improvement, and all structures encountered during 
the survey. 

The profile should be plotted at a scale of 100 feet to the 
inch horizontal and 10 feet to the inch vertical, the grade line 
laid and vertical curves supplied at all pronounced changes in 
grade. Station numbers, elevations on profile and elevations 
on new grade with the amount of cut or fill should be shown 
below the profile. 

The cross-sections should be platted on cross-section paper 
or on Plate II of the Bureau of Public Roads standard with 
a scale of five feet to the inch. The area of cut and of fill 
should be measured separately, preferably by use of a planim- 
eter, and entered on the sheet at the section measured. These 
areas should also be entered on a tabulation sheet, the areas 
of adjoining sctions averaged and the volume of earth wo " 
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computed. The plans department of the State Highway Com- 
mission has a table of earthwork volumes which is valuable 
in that it saves much labor in computing these volumes. 

With the amount of earthwork determined you will know 
whether it is desirable to leave the grade line as located or 
to raise or lower same for more economical construction. After 
the earthwork quantities are finally determined they should 
be entered on the profile between balance points and the engi- 
neer is ready to prepare his cost estimate and write the speci- 
fications. 

It will be readily understood that in a paper of this sort 
no attempt can be made to go far into the details of surveys, 
preparation of plans or specifications. I have endeavored 
merely to sketch an outline of the procedure in the field and 
office. Each surveyor will have to work out his own details 
in accordance with local conditions and the tyj^e of improve- 
ment. Too much care cannot be taken, however, in any of 
the steps and the carefulness and accuracy of the surveyor 
will be reflected in the completeness and therefore usefulness 
of the plans as prepared. The cost estimate should be care- 
fully prepared so that it will be useful to guide the contractor 
in preparing his proposal. Good plans and sensible estimates 
attract reputable contractors and result in satisfactory work- 
manship, thereby giving the public a proper return for the 
investment. 



TEST ROAD IN ST. JOSEPH COUNTY 



By A. C. Mangus, 
St. Joseph County Highway Superintendent. 



No highway improvement can be considered as perma- 
nent — forever enduring. The period of useful life of any high- 
way improvement is limited. The time will come when the 
pavement must be reconstructed. This period of useful life 
may be longer, under like conditions, with one type of con- 
struction than with another. In any case the period of useful 
life is lengthened by careful attention to the maintenance of 
the improvement. By proper maintenance the day of i-econ- 
struction may be delayed and the period of useful life length- 
ened, permitting us to have the use of the pavement at a 
lesser cost per year by distributing the first cost over a greater 
number of years. However, the time will come when the 
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yearly cost of maintenance will be as great as the yearly cost 
of the added investment for reconstructing the improvement — 
then reconstruction is advisable. 

This is true of the Lincoln Highway west of South Bend, 
a section of pavement in the neighborhood of 13 miles in 
length constructed in 1915-16. The three miles adjacent to 
the city were completed in December, 1916, during freezing 
weather. 

Traffic from Chicago to Toledo, Cleveland and Buffalo 
pass over this section of the Lincoln Highway. Traffic from 
Detroit, Lansing and Jackson enter South Bend over the Ear 
Trail and there converges with west-bound Lincoln Highway 
traffic, all passing over this particular section. This traffic 
separates again at Rolling Prairie, a part taking the Dunes 
Highway through Michigan City to Chicago, the remainder 
following the old route through Laporte and Valparaiso. This 
is evidence in itself that this particular section carries the 
greatest amount of traffic of any section of the Lincoln High- 
way between Chicago and Toledo. 

In the spring and summer of 1925 this section began to 
deteriorate in alarming proportions. Steel in the expansion 
joints began to raise out of its moorings to such an extent 
that it b^me a menace to traffic, such that in a great many 
instances it was necessary to pull them out with trucks. This 
caused a spalling of the concrete back from the joint six 
inches to three feet. Especially did this occur in that section 
that was installed during adverse weather conditions of the 
winter of 1916. During the summer a force of from six to 
eight men were patching practically half of the time. It be- 
came apparent to the board of commissioners and myself that 
the time had come when the cost of maintenance was greater 
than the added investment for reconstruction would be. 

What material to use, what sort of top to put on this old 
pavement became a mooted question. Material men naturally 
recommended a top that would require their material. Con- 
tractors urged that material that would require the use of 
their particular equipment in installing the pavement. This 
diversity of opinions and the fact that the state was building 
a concrete road on the Division Highway from South Bend 
to Rolling Prairie, thereby shortening the distance between 
these two points by two miles, and that the building of that 
road would have a tendency to divert the heavy traffic from 
the Lincoln Highway to this new route, influenced us in build- 
ing a test road as the logical way out of this difficulty. 

Accordingly, the county engineer was instructed by the 
board of commissioners to prepare plans and specifications for 
six different types of road: concrete, penetration macadam, 
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sheet asphalt, asphaltic concrete, rock asphalt and emulsified 
asphalt. The contracts were let in August and the last sec- 
tion was completed in September, 1925. 

The first section of five inches of reinforced concrete was 
built by Reed and Sons of Mishawaka at a cost of $2,150. 

The second section was of penetration macadam rolled to 
three inches, built by the Highway Improvement Co., of South 
Bend, at a cost of $1,100. 

The third section is sheet asphalt rolled to a thickness 
of three inches, built by the Williston Construction Company, 
at a cost of $1,430. 

The fifth section is rock asphalt rolled to two inches, 
built by the Highway Improvement Company at a cost of 
$1,400. 

The sixth section of emulsified asphalt rolled to one inch 
was built by the Emulsified Asphalt Company of Indianapolis, 
at a cost of $1,150. 

In mentioning cost, we refer to the contract price, each 
section being let by contract. The several sections were each 
500 feet in length. In choosing a location, we took a section 
of highway that was devoid of cross and side roads, thus com- 
pelling all traffic to traverse each and every section. 

What the ultimate outcome will be, we are unable to say. 
Time alone will enable us to determine what type of recon- 
struction will be the best and most practical for future traffic 
on this particular road. 



THE CITY'S SHARE IN OUR TRAFFIC PROBLEMS 



By W. P. Cottingham, 
City Engineer, Gary, Ind. 



From New York to Los Angeles — from Duluth to Jack- 
sonville — the people are clamoring for a solution to the traffic 
problem, and none of them are willing to be prevented from 
building up congested high value districts. Buffalo, Detroit, 
Toledo, Cleveland, Chicago, St. Louis, New Orleans, Indian- 
apolis — all our great commercial cities are pajdng the price 
for congestion. Many are hopefully watching the experience 
of Washington, D. C, where precedent was recently upset and 
the traffic problem placed in the hands of an engineer. A 
great many accomplishments have been recorded in the past 
year, but the weak spot was found to be the lack of oppor- 
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tunity to enforce the traffic rules laid down. The engineer 
brought forth many useful ideas, but met with considerable 
difficulty in enforcing them. This might turn us back to the 
question, "Do the people — ^who are the city — want traffic regu- 
lation?" Of course they want it for the other fellow, but 
until they decide they need it for themselves it is a job for 
the policemen to force them into it, 

The American Engineering Council has announced the 
organization of a nation-wide movement among engineers to 
solve the growing traffic problem. A general committee is to 
serve as a clearing house of ideas between the engineering 
societies and the National Conference on Street and Highway 
Safety; Their announcement says : "In every community in 
the United States the traffic problem is acute in some form. 
The country is beginning to realize that this problem is essen- 
tially of an engineering character. This is because, in most 
places, the local police have reached the limit of accomplish- 
ment and still the problem continues to grow with increasing 
speed and seriousness. Under these circumstances, it behooves 
the engineering profession to undertake to meet its responsi- 
bility in the matter." 

Congestion is invariably the cause of our traffic problems. 
If there was no congestion on our streets we usually believe 
there would be no problem ; but the fatal traffic accident does 
not occur in congested traffic as often as in the clearway where 
speeding occurs. Reckless driving must be curbed through 
the exercise of police power but congestion must be remedied 
through the application of engineering knowledge and common 
sense. 

Improperly controlled traffic in the United States costs 
$2,000,000,000 a year or $20 a year for each man, woman 
and child in the nation, according to estimates made in offi- 
cial repprts. That is the price the country is estimated to 
pay in loss of life, accidents, loss of time through congestion, 
depreciated real estate values and in other ways for the lack 
of properly developed traffic facilities and their control. This 
estimate, which is four times the waste caused by fire losses 
annually, is based on (lata gathered by the committee on metro- 
politan facilities of the national conference on street and high- 
way safety. 

What does congestion cost the public? A recent study 
in Chicago develops the fact, quite logically, that time valued 
at $26,250,000 could be saved annually by the citizens of the 
city if one-half hour could be gained in the time spent in 
transportation. In this estimate it is considered fair to count 
the time of various classes of traffic as worth so much per 
hour, and to allow a reasonable length of time to m^^ 
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given trip. What time is consumed in making the trip over 
and above the reasonable or expected running time may be 
valued at fifty cents per hour for pedestrians and passengers, 
$1.25 for horse drawn vehicles, $2.50 for automobiles or motor 
trucks, and $5.00 per hour for street c^rs. A motor car with 
driver and two passengers will gain time valued at $1.75 per 
day if a reduction of fifteen minutes each way is made in a 
daily journey to the city. In 300 days the value of time saved 
the car and occupants is $525.00. At this rate 50,000 cars 
entering and leaving the city daily will be saved time valued 
at twenty-six and one-quarter million dollars ($26,250,000) 
yearly. 

It was considered remarkable a few years ago that St. 
Louis could approve a bond issue amounting to eighty-seven 
million dollars ($87,000,000) for developing their major street 
plan, yet in view of figures like those given for Chicago it 
would seem a most logical procedure. Through the develop- 
ment of the major street plan in St. Louis the traffic problem 
is being relieved — adequate street widths, to accommodate 
the present and future traffic, are being secured. The street 
improvements are being designed to carry the traffic expected 
both in respect to number of vehicles and weight of loads. 
They are building safety into the streets in all ways known 
to them and are giving to the citizens of St. Louis the benefit 
of their sincere attempt to apply engineering knowledge to 
the solution of the traffic problem. 

Some Attempted Solutions 

Two present conditions are set down in this discussion 
as permanent — as known quantities. Automobile speed is not 
going to be cut down ; rather it is likely to increase. And the 
number of automobiles is going to keep climbing ; the satura- 
tion point is still far off. There is no use fighting these con- 
ditions. They must be accepted, and the building of safety 
into streets and roads must be planned accordingly. 

In cities like Chicago it will require the separation of 
heavy and light traffic, pedestrian traffic and traction and rail- 
road lines ; the creation of through routes protected by traffic 
signals; subways under streets or bridges over streets at 
schools or other important pedestrian crossings; smooth pav- 
ing of streets; widening and straightening of streets; place- 
ment of safety islands at dangerous crossings; removal of 
obstructions from the streets; and a traffic signal to give the 
pedestrian an equal chance with the automobile to cross in 
safety. 

Los Angeles has proceeded during the past year to put 
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some of these practices to the test and in addition to reducing 
its automobile fatalities in 1925 they have speeded up traffic 
60% and trolley traffic 30%. If time is worth anything m 
California the saving should be in the millions. At any rate, 
lives are worth saving and this report indicates a justifiable 
claim for the saving of 29 lives in the year despite an increase 
of 15% in the number of autos operated. 

In accomplishing this the metropolitan traffic control sys- 
tem has been operated to regulate pedestrian as well as 
vehicular traffic. Stem traffic and parking rules have been 
enforced. Tunnels have been built under busy boulevards for 
the children going to and from schools. Jay walkers and 
pedestrians going against traffic are arrested. Passenger 
safety zones protected by traffic buttons give the necessary 
protection to street car traffic. 

Detroit claims the distinction of having the densest traf- 
fic points in the country, a condition formerly found in New 
York. An official report shows that traffic in Detroit at 
Grand River and Grand boulevard west is in excess of what 
it was at the last count made at Forty-second St. and Fifth 
Ave., New York. Traffic at Jefferson Ave. east and St. An- 
toine St. exceeds the traffic at the famous New York inter- 
section by 18 per cent. The 15 heaviest traffic streets in De- 
troit carry at the center 4 per cent more than the 15 heaviest 
traffic streets in New York. 

Detroit is undertaking the solution of this problem 
through the establishment of a complete system of super- 
highways encircling the city and providing optional routes 
into, through and around the congested areas. In general the 
layout provides for rights-of-way 204 feet in width, improved 
with two 40-foot pavements separated by a car track space. 
On the two paved areas traffic lanes are established to segre- 
gate the fast through traffic from the slower heavy or local 
traffic. Intersecting streets and approaches to the car tracks 
will pass under the lanes of fast traffic and regulated speed- 
ing will be encouraged. The development has reached a stage 
in Woodward Avenue that is attracting the attention of traffic 
officials and city planners from many communities. 

Arthur S. Tuttle, Chief Engineer of the Board of Esti- 
mate and Apportionment of the City of New Work, speaking 
on City Planning as a Permanent Solution of the Traffic Prob- 
lem, is quoted as follows: 

". . . It was not until about 1903 that the inadequacy 
of our present streets began to be realized, and since this date 
there has been a continuous progressive movement in the di- 
rection of improving conditions at points of congestion. 
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. . . With a view of ascertaining the sense of the com- 
munity and more particularly the views of the various or- 
ganizations which have made the problem one of great con- 
cern, a public hearing was given by committee in New York 
a short time ago for the purpose of collating all of the sug- 
gestions which might be offered as an aid in its investigation, 
at which time, however, practically, no suggestions of value 
which could be construed as strictly novel were offered, al- 
though most of those which have heretofore been under con- 
sideration were placed in evidence, these comprising the fol- 
lowing: 

1. The systematic control of street traffic, both vehicu- 
lar and pedestrian, in which connection an effort should be 
made to bring about uniformity in traffic signs and signals 
throughout the country, with sufficient variation in control to 
meet the requirements of local situations. 

2. The improvement of existing streets through the re- 
moval of obstructions, the laying of smooth pavements, the 
widening of roadways where practicable without undue en- 
croachment upon the sidewalks, and the provision of easy 
curves at the intersections. 

3. The introduction of by-passes to enable through traf- 
fic to avoid congested centers. 

4. The limitation of the dimensions and weight of dif- 
ferent types of vehicles. 

5. The fixing of roadway widths to conform with the 
types of vehicles which they are likely to be called upon to 
accommodate. 

6. The separation of grades at street intersections at 
points where this can be effected without undue property 
damage. 

7. The construction of elevated express streets along the 
waterfront or where they can be introduced without undue 
deprivation of light and air or interference with surface 
traffic. 

8. The provision of adequate parking accommodation for 
automobiles in or near the congested business and commercial 
centers, this being accomplished either by setting aside public 
areas for this purpose or through the construction, either 
municipally or privately, of parking garages. 

9. The placing of the burden of providing parking and 
loading spaces at least in part upon the property owners. 

10. The widening of existing streets, where practicable, 
or accomplishing a similar result by the introduction of side- 
walk arcades with a corresponding widening of the roadway. 

11. The cutting through of new arterial streets where 
additional facilities can be obtained by no other method. 
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12. The control of density of traffic by imposing addi- 
tional restrictions on height of buildings. 

13. Lowering the peak of vehicular traffic by compulsory 
night trucking. 

14. The substitution, where practicable, of buses for sur- 
face railroads, and the removal of abandoned surface tracks. 

15. The construction of underground rail facilities for 
the delivery of store freight. 

16. The provision of undercrossings for pedestrians at 
the busy traffic points, preferably in connection with the opera- 
tion of underground rapid transit systems. 

17. The setting up of more liberal standards for the 
width of both local and arterial streets in the planning of 
new territory, or the assignment of a greater proportion of 
the city area to street purposes. 

18. The acquisition of court yard areas during early 
stages of development which can be thrown into the street 
system when and as required." 

Many of the suggestions offered in this list have been 
applied to the traffic problems of other communities and many 
of them are not at all applicable to your local problem or to 
the traffic problem of Gary. In studying our local problems 
we find that we must work out our own salvation — and it is 
usually undertaken with fear and trembling. When we can 
find a similar problem satisfactorily solved in some other com- 
munity we gratefully accept it as a guide for our endeavors. 
When we find that some other community has solved one of 
their problems in a similar manner to our solution we feel 
that they must surely be a wide awake and exceedingly pro- 
gressive group. 

President Elliott, last evening, expressed the hope that 
the state road system would be so developed that it would 
give state-wide access to all the state parks. To accomplish 
an entrance to the newly acquired park in the Dunes will re- 
quire some solution to a traffic problem that at present is 
quite effective as a barrier to the Dunes on a good day in 
summer. The Dunes Highway is so overloaded with traffic 
on Sundays and holidays that drivers have spent from four 
to five hours traveling on concrete pavement the distance of 
25 miles from Michigan City to Gary. 

The Chicago City Council has effected the creation of a 
Street Traffic Commission to make an analysis of traffic prob- 
lems for a year and then to formulate a comprehensive traffic 
plan and uniform traffic code for the Chicago Metropolitan 
area. The commission is to be made up of aldermen, city 
officials and the street traffic committee of the Chicago Asso- 
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ciation of Commerce which proposes to furnish $50,000 for 
the first year's survey operations. 

Already they have developed some rather startling data 
in reference to truck traffic. On the highways leading into 
Chicago the truck traffic is not 25% to 40% as the average 
driver supposes but less than 7% as shown by traffic count. 
The maximum truck traffic is on Indianapolis Avenue where 
in the count of 12,635 motor vehicles, 782 or 6.2% were trucks. 
The average on all roads is probably about 4%. On a study 
of truck traffic it was found that about 96 1/2% of total truck 
mileage is on city streets. 

The fact that Gary is in the district being studied by the 
Chicago Regional Planning Conference and is co-operating in 
this study is offered as an explanation for the use of so many 
examples from Chicago. 

When we find, as we found last summer, that approxi- 
mately 1,000 cars per hour were passing through our city 
with no desire to stop, we set about making it easier for them 
and safer for our citizens. We opened up and widened a route 
that became available as a by-pass to separate this through 
traffic from our local traffic. 

When we found that our main down town street was be- 
coming inadequate because of rough pavement, poor car track 
construction, and unlimited parking, we remedied the situation 
by paving the entire width with smooth pavement, limiting 
parking to one hour, removed the raised cross walks, increased 
the radius at intersections and have as a final step removed 
the center poles that have been supporting the trolley lines on 
brackets. This final step has accomplished the mental eflfect 
of increasing the width of the pavement about six feet. 

There are many other items that enter into the traffic 
problem. Congestion of traffic at railway grade crossings on 
busy streets may be eliminated through grade separation and 
many of our Indiana cities are proceeding to remove this ob- 
struction both as an obstruction and as a hazard. 

The installation of traffic signals, if given the proper pre- 
liminary study, will certainly assist in regulating and directing 
traffic. It has been our experience in Gary that our signals 
are best adopted to serve the needs of the community when 
they are of the same type as in use in Chicago. This but 
emphasizes the need for uniformity in signals. 

In some cities one-way traffic on some streets solves the 
problem but we have not found this true in Gary. Chief 
Collins of Chicago stated recently at the American Road Build- 
ers' Association meeting that Chicago could not operate qn 
one-way traffic streets. 
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Gary tried out a restriction against left turns at several 
busy intersections and received such protest from the business 
men in all directions from the several intersections that the 
rule was abolished. 



TRAFFIC OBSTACLES 



By Howard R. Olson, 
Engineer, Chicago Regional Planning Association 



There is nothing complicated or involved in the regional 
planning idea. It is merely a simple answer to a difficult prob- 
lem that arises whenever similar or related work extends 
across political boundary lines. The condition that gave rise 
to the Chicago Regional Planning Association is the same that 
caused state highway commissions to be formed throughout 
our country, namely, a common problem too big for small 
political units, separated as they are, to handle effectively. 
The result desired was also the same : a co-ordinating influence 
to bring about unity in local plans and work with greater 
vision for future needs. The principle underlying the Chicago 
Regional Planning Association is a departure from that usually 
followed in metropoUtan planning. It recognizes all officials 
whose specified duties are related to the work involved. It 
also includes public spirited citizens whose special knowledge 
or interest will be of value. These men are made consultants 
and directors of the planning and what special staff is required, 
work under their policies. The final result is that all phases 
of the plan receive immediate public support and are assured 
of realization. 

Although the Chicago Regional Planning Association is 
concerned with all problems bearing upon community develop- 
ment, such as water supply, sanitation, rail, water and air 
transportation, parks and forest preserves and others, the 
most important and urgent is highway transportation. The 
common problem confronting the highway authorities in the 
many counties and towns grouped around the lower end of 
Lake Michigan can be divided into two parts : one, transform- 
ing their old horse-and-buggy age roads and streets into more 
efficient and safe carriers of motor vehicle traffic; and, two, 
planning every new road for modem automobile traffic with 
extra width for future widening when traffic conditions war- 
rant. 
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The problem, of course, is at present more intense near 
the cities of Chicago, Hammond and Gary and likewise near all 
large populated centers. It does not differ, however, from 
that which exists in every town in Indiana, Illinois, Ohio or 
any other state. Motor transportation is just in its beginning. 
What is now true around our larger cities will soon be true 
in our smaller towns. The disease that blights the highways 
around our larger towns is now, farther out in the country, 
in its first stages. But, if the highway officials will prescribe 
the right kind of treatment now, doctor bills and surgical op- 
erations on their respective highways will not be half as ex- 
pensive as later. 

The term traffic obstacle in general usage is not limited 
in its meaning or very definite. In this discussion we will 
say that any regulation, any regulatory device or any physical 
feature existing in or along a street or highway that prevents 
or reduces the economical, free or safe operation of motor 
vehicles is a traffic obstacle. 

Why should traffic obstacles be discussed at a meeting 
of Indiana highway officials and engineers ? The most impor- 
tant reason is that decreasing the cost of operating the hun- 
dreds of thousands of Indiana motor cars is just as important 
as decreasing the cost of building and maintaining the high- 
ways over which they must travel. In order that we may gain 
a rough idea of the importance of operating costs in dollars 
and cents so that due regard may be given to improvements 
which will reduce those costs, let us make a few computations. 

In 1925, Indiana registered over 650,000 motor vehicles. 
Assume that each traveled 5,000 miles during the year and 
the cost of operation for one mile was 10 cents per vehicle — 
an amount found by investigators of the Engineering Experi- 
ment Station of Iowa State College to be average. Multiply 
the three figures together and the total operating cost to 
automobile owners of Indiana figures out to be over $325,000,- 
000. Now let us suppose that if, throughout the state, all 
chuck holes and worn out pavements that break springs and 
shorten the life of an automobile, shaiT) jogs and many other 
traffic obstacles were repaired or removed the saving in op- 
erating costs would amount to one-tenth of a cent for each 
mile of travel. The total saving effected would total over 
$3,250,000. 

It is, without question, important to construct and main- 
tain high grade surfaces on our main thoroughfares. One of 
the objects of this paper is to briefly describe the methods fol- 
lowed by the highway authorities of the Chicago region to 
raise the quality of their existing paved highways and lower 
the operating costs. 
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Traffice Obstacle Surveys 

The Committee on Highways of the Regional Planning 
Association includes highway officials of the federal govern- 
ment and states, counties and cities in the region. To that 
group of men, who direct the construction of many million dol- 
lars worth of roads each year, removing traffic obstacles is 
a most important service to the people of the region. It was 
for that reason that they inaugurated a series of traffic ob- 
stacle surveys to be made on the main traveled highways lead- 
ing out of the city of Chicago to be followed by a campaign 
pointing out the defects and urging their removal. 

Each survey is started at the loop district of Chicago and 
is carried outward, through the many suburban towns and 
into the country for a distance of at least 50 miles. From be- 
ginning to end roadway widths are recorded and logged along 
with bottle necks, sharp jogs and turns, rough pavements, un- 
paved car tracks, railroad grade crossings, narrow bridges 
and subways, dangerous sections of the road and any other 
conditions which slow down or stop traffic or increase the cost 
of traveling over it. From the notes taken the observer makes 
sketches of the more important obstacles and shows or de- 
scribes means of improving each. Strip maps are also drawn 
showing diagrammatically the variation in widths of the road- 
way over them. The survey is then reviewed by the members 
of the committee, many of whom are familiar with local con- 
ditions along various parts of the route, and the procedure 
outlined to bring about the improvement of each obstacle. 
Meetings are arranged with the local authorities having juris- 
diction over each section at which ways and means for effecting 
the work are decided upon. In every instance the many local 
officials, good road committees, commercial clubs and news- 
papers realize the value of the work and give their fullest co- 
operation in carrying out the details. 

The experience of these surveys very often shows that the 
fullest use of our investment in street and highway width is 
not realized due to different standards or lack of standards 
used in the various jurisdictions or to the absence of a compre- 
hensive plan for the entire route. The most striking example 
of such a condition exists on the Dixie Highway route extend- 
ing south out of Chicago. On this heavily traveled thorough- 
fare a 6-mile stretch of 70 foot pavement is bottled up with 
a 40 foot throat at each end. It is easy to see that 30 feet of 
the 70 foot pavement gets very little travel. Plans are now 
under way, however, to remedy the condition. 

The obstacles that exist on the more important highways 
of the region and the congestion resulting on days of heaviest 
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travel is almost unbelievable to anyone not having had the 
experience of being a part of that congestion. One mile an 
hour is often the average rate of speed. Typical of these high- 
ways and the conditions found on them is Indiana's state road 
number 43, called the Dunes Highway, which runs through 
Hammond, Whiting, East Chicago and Gary around the lower 
end of the lake to Michigan City. Any summer holiday or 
Sunday will see this popular road filled with unbroken lines 
of motor cars extending from the Illinois state line on the west 
to Michigan City on the east. So close are they, at times it is 
said, that when a highway policeman in Michigan City holds 
up his hand for traffic to stop, motorists 35 miles westward 
shove on their brakes and come to a standstill. 

The cause for the congestion on this particular road is due 
to the interference caused by the following obstacles recorded 
in the survey recently made over it: shoulders of loose sand 
along the country section of the pavement too soft to support 
cars forced to stop on account of tire or engine trouble ; 18 rail- 
road grade crossings in the towns along the route; worn-out, 
bumpy pavement; sharp turns and comers; a large orna- 
mental square that forces all cars to slow down to twist around 
its corners; an improperly timed stop-and-go traffic signal; 
street cars that cut down the width of the roadway ; and, un- 
paved street car tracks. Each obstacle along this route plays its 
part in adding to the delay and collects its tax in increased 
operating cost. If usable shoulders were constructed along 
the country section of the pavement it would be improbable 
that congestion would be materially relieved. The biggest part 
of the delay is due to the obstacles existing in the towns along 
the route. 

On other main traveled roads of the region the same gen- 
eral conditions exist. The causes of congestion lie at the gate- 
ways and in the towns instead of on the country highway. It 
is interesting to note how the location of traffic obstacles have 
changed since the invention of the motor car. Everyone can 
remember how the motorist heaved a sigh of relief when his 
automobile pulled itself out of the rural mud and bumped onto 
the city pavement. But now it is different. The sigh is of 
regret as he leaves the smooth country highway and strikes 
a narrow worn-out city street and is confronted with a slow- 
moving local traffic, numerous traffic regulations and unregu- 
lated stop-and-go signals. 

The examples mentioned above show why it is good high- 
way engineering and business to locate main highways around 
towns and cities and build adequate connections to the business 
centers. In the past, municipalities demanded of state high- 
way commissioners and county highway departments that 
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paved roads be focused in to their business centers. The pen- 
dulum of public opinion, however, is now swinging in the other 
direction. Business men question the value received from 
through-traffic trade, but are unanimous in their opinion that 
anything that adds to the ever increasing, local traffic conges- 
tion is harmful to their business. To build highways around 
built up centers is exercising good foresight. Roads must be 
built to fit modem demands. The automobile which is being 
designed for faster speeds every year and which is increasing 
in numbers at an enormous rate, is now the ruling factor in 
highway location, design, construction and regulation. 

In the interest of safety, economy and free movement of 
motor vehicles, the following conditions, classed as traffic ob- 
stacles, should be removed as soon as possible from existing 
highways and avoided in the building of new ones : 

1. Local business districts or built up centers where 
traffic concentrates. 

2. Jogs in alignment due to correction lines or other 
causes. 

3. Blind curves, intersections and grdae crossings. 
Standardized warning signs and signals effectively placed to 
serve under the most adverse conditions lessens the danger at 
these points. 

4. Sharp curves not properly banked and widened. 

5. Curved approaches to subways or underpasses, via- 
ducts and bridges. 

6. Railroad grade crossings. Until funds are available 
to eliminate grade crossings on the main highways, crossing 
planks should be maintained flush with the rails and approach- 
ing roadways. 

7. Car line streets. Street cars back up and stop traffic 
and their roadway pavements are seldom in good condition. 

8. Rough, worn-out pavements. 

9. Bottle-necks due to narrow roadways, bridges, via- 
ducts, curves and subways or underpasses. 

10. Short vertical curves on summits of hills. 

11. Steep grades. 

12. High crowns on roadways. 

13. Slippery road surfaces. 

14. Narrow or unusable road shoulders. 

15. Sign, signal or light posts and buttons located in 
the center of intersections. They should be placed on the 
intersecting roadway center lines at the edge of the inter- 
section. 

16. Stop-and-go traffic signals improperly timed fo^ 
traffic. 

17. Intersections with stop signs in all directior 
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18. Roadways lacking painted centerlines or traffic lanes. 

19. Unstandardized signs, signals and regulations. The 
Hoover Conference on Street and Highway Safety made up of 
representatives from the entire country has made great prog- 
ress in this direction. 

20. Route, warning and street signs ineffectively placed, 
out of range of driving lights, not illuminated or invisible at 
night. With the rapid increase in numbers of motor cars 
throughout the country, traffic regulation and control is be- 
coming more necessary and exacting. Signs and signals are 
the means for making regulation and control possible, provided, 
they are so placed to be effective under the most adverse con- 
ditions—darkness and a wet or icy pavement. To test the 
value of a sign system, drive under the conditions mentioned 
and see if all signs are easily visible and all stops can be com- 
plied with without skidding past the point of danger. 



ROADSIDE WEED CUTTING 



By Joseph F. Crowe, 
Porter County Highway Superintendent. 



The cutting of weeds along the roadside should be given 
serious attention by all County Highway Superintendents. If 
weeds are permitted to grow along the road we find that in a 
few years the drainage is seriously interfered with and the 
roads do not dry out as rapidly in the spring as they should. 
Roadside weeds are unsightly, hold snow in the winter time 
and cause unnecessary work in snow removal. 

There is considerable disagreement among Highway Su- 
perintendents and farmers as to whose duty it is to see that 
the weeds along the roadside are cut. I am a farmer myself 
and believe that it is my duty to keep the weeds cut along the 
road in front of my farm. I take this stand for three reasons : 

1. The law states that all land owners shall cut down 
or cause to be cut down, and destroyed, all weeds along the 
road bordering on their land. 

2. It improves the appearance of any farm by having a 
roadside neat and clean. 

3. It is not fair to the industrious farmer, who cleans his 
own roadside, for the county to spend some of its meager 
gravel road repair funds in cleaning up the roadside where the 
lazy fanner fails to do his duty. 
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PUBLICATIONS OF THE 
ENGINEERING EXTENSION DEPARTMENT 



Circulars 

* Circular No. 1. Care of Roads During the Spring Break- 
up, by Ben H. Petty, 1923. 

Circular No. 2. Watthour Meter Accuracy on Light Low 
Power Factor Loads, by D. D. Ewing and D. T. Canfield, 
1924. 

Circular No. 3. Hints on Automobile Maintenance, by H. 
A. Huebotter, 1924. 

Circular No. 4. Operation of Three Phase Induction Motors 
Under Abnormal Supply Conditions, by D. D. Ewing and 
C. F. Bowman. 

Circular No. 5. Publications of Engineering Experiment 
Station and Engineering Extension Service. 

Circular No. 6. Why Our Road Maintenance Costs are In- 
creased so Rapidly, by Ben H. Petty, 1924. 

Circular No. 7. Road Law Procedure in the State of In- 
diana, by E. L. Arnold, 1925. 

BuUetins 

Bulletin No. 1. Fundamentals of Construction and Main- 
tenance of Secondary Highways, by C. C. Albright, 1922. 

Bulletin No. 2. House Construction that Reduces Heating 
Costs, by James D. Hoffman, 1923. 

Bulletin No. 3. Pictorial Description of Engineering Ac- 
tivities, Purdue University, 1923. 

Bulletin No. 4. Electric House Pumping Systems, by G. C. 
Blalock and D. D. Ewing, 1923. 

Bulletin No. 5. Proceedings of the Tenth Annual Road 
School, by Ben H. Petty, 1924. 

Bulletin No. 6. Proceedings of the Second Annual Con- 
ference of Indiana Foundrymen, by J. P. Walstead, 1924. 

Bulletin No. 7. Thawing Water Pipes with Electric Cur- 
rent, by D. D. Ewing and C. F. Bowman, 1924. 

Bulletin No. 8. Connection Checks for Polyphase Watt- 
hour Meters, by D. T. Canfield, 1924. 

Bulletin No. 9. Reconstruction of Old Gravel Roads, by 
C. C. Albright and R. E. Mills, 1925. 

Bulletin No. 10. Proceedings of Eleventh Annual Road 
School, by Ben H. Petty, 1924. 

Bulletin No. 11. A City Planning Primer, by G. E. Lommel 
and F. G. Bates, 1925. 
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Bulletin No. 12. Care of Farm House Telephone, by R. V. 

Achatz, 1925. 
Bulletin No. 13. Comparative Accuracy of Three-Phase 

Four-Wire Metering Methods, by D. T. Canfield, 1925. 
Bulletin No. 14. Proceedings of Twelfth Annual Road 

School, by Ben H. Petty, 1926. 

Mimeographs 

The following material has been issued in mimeograph 
form: 

Foundry Conditions in Indiana, R. E. Wendt, 1922. 
Status of City Planning in Indiana, G. E. Lommel, 1923. 
City Planning and the Realtor, H. M. Dickman, Evans- 

ville, Indiana, 1923. 
Our Housing Problem and its Relation to City Planning, 

L. C. Smith, University of Wisconsin, 1923. 
The City Topographic Survey in City Planning, R. H. 

Randall, Toledo, Ohio, 1923. 
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PURPOSE OF THE CONFERENCE 

Executives representing most of the leading industries of 
Indiana and Governor Ed Jackson gathered at Purdue Uni- 
versity on June 1, 1926, in a meeting which gives promise of 
ushering in a new era in Indiana industrial development. 
They were the guests of Mr. David E. Ross, Manager of the 
Ross Gear and Tool Company and a Trustee of Purdue Uni- 
versity, who bore all expenses connected with the calling and 
planning of this conference, because of his interest in Purdue 
University and his appreciation of the fact that research in 
science and engineering forms the foundations of modern in- 
dustry. The industries of Indiana and Purdue University 
are extremely fortunate in possessing among the leading citi- 
zens of the State, Mr. David E. Ross — a combination of in- 
ventive genius, business manager, engineer, philanthropist 
and idealist — a man who thinks in large units, visualizes the 
needs of the day and plans the means to meet the new demands 
of the times. 

At this conference plans were proposed for a great indus- 
trial research laboratory at Purdue University to meet the 
growing demand of Indiana industry for fundamental infor- 
mation. Realizing that research, with the basic facts which 
it supplies, is the food on which any business thrives, those 
present endorsed without exception the plan for a research 
laboratory and approved the suggestion that a committee be 
named from their group to legalize such a project. 

The visitors spent the afternoon inspecting the labora- 
tories, shops and equipment of the University and getting 
acquainted with what the University is doing for the Ameri- 
can Railway Association in its airbrake tests, for the Indiana 
Limestone Quarrymen's Association and for other groups that 
are co-operating with the institution in research work. The 
tour included also the farms, where demonstrations were given 
for the various lines of research in agriculture. Each man 
saw the results of agricultural research and what it has done 
for Indiana farmers ; to each was presented a bird's-eye view 
of the services being given the state by the institution with 
its present facilities. 

Governor Ed Jackson in opening his address stated : "I re- 
gard this as one of the most important meetings, if not the 



Digitized by VjOOQIC 



4 PURDUE ENGINEERING EXTENSION DEPARTMENT 

most important, I ever had the opportunity of attending, in 
my experience, in the State of Indiana/' 

The address of each speaker at the conference is printed 
in this bulletin in order to refresh the memories of those 
who were present and to give first-hand information to those 
other Indiana business leaders who were unable to attend. 
This conference is only one of the many benefactions which 
the University and the state owe to Mr. David E. Ross. 
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LIST OF GUESTS AT THE CONFERENCE 

Hon. Ed Jackson, Governor of Indiana 
David E. Ross, Ross Gear and Tool Company 
Edward C. Elliott, President, Purdue University 

Anderson 

Noble Dean, General Manager, Dean Pump Company 
Hugh Hill, President, Hill Standard Company 
Ed. Neipcr, General Manager, Ames Shovel and Tool Company 
Harry O'Conner, Manager, American Steel and Wire Company 
T. E. Wilson, Manager, Remy Electric Company 

Attica 

Roy J. Harrison, Vice-President, National Car Coupler 
Company 

Batesville 

J. A. Hillenbrand, President, American Furniture Co., 
and Trustee, Purdue University 

Bedford 

H. S. Brightly, Managing Director, Indiana Lime&tone 

Association 
F. S. Strong, Indiana Limestone Company 

Brazil 

H. Hull, Brazil Clay Company 

W. A. Laverty, Brazil Clay Company 

Buffington 

Joseph K. Kempser, General Superintendent, Universal 
Portland Cement Company 

Crawfordsville 

John A. Johnson, President, Johnson Acetylene Company 
Bruce Luckett, President, Shale Brick Company 

Connersville 

C. C. Abbott, Vice-President, P. H. and F. M. Roots Com- 
pany 

Chicago, Illinois 

T. A. Hamilton, Vice-President, Pennsylvania Railroad 
H. R. Kurrie, President, Chicago, Indianapolis and Louis- 
ville Railroad 

East Chicago, Indiana 

W. B. Gillies, General Manager, Youngstown Steel and 

Tube Company 
F. A. Lorenz, Chief Engineer, American Steel Foundries 
W. A. Maxwell, Superintendent, Inland Steel Company 
Charles H. True, Vice-President, Superheater Company 
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Evansville 

O. E. Gage, Manager, Bucyrus Company 
W. H. Noelting, Vice-President, Faultless Castor Com- 
pany 
Ft. Wayne 

F. H. Beebee, Vice-President, West Gas and Construc- 
tion Company 
R. M. Feustel, President, Indiana Service Corporation 
Walter B. GoU, General Manager, General Electric Com- 
pany 
Hammond 

George Hannauer, Vice-President, New York Central 

Railway 
Morse Dell Plain, Vice-President, Northern Indiana Gas 
and Electric Company 
Hartford City 

F. M. Forkner, Hartford City Paper Company 
Indianapolis 

W. H. Amett, General Secretary, State Chamber of Com- 
merce 
H. C. Atkins, President, Atkins Saw Company 
Arthur Baxter, President, Keyless Lock Company 
Carl Gibbs, Manager, National Malleable Casting Com- 
pany 
A. M. Glossbrenner, Treasurer, Levy Printing Company 
H. A. Glover, Vice-President, Consolidated Coal Company 
Walter Harding, President, G. and J. Tire Company 
Chas. L. Henry, President, Indiana Utilities Association 
H. C. Huffstetter, Indiana Sand and Gravel Company 
O. S. lies. President, International Machine Tool Com- 
pany 
William Insley, President, Insley Manufacturing Com- 
pany 
Hon. Ed Jackson, Governor of Indiana 
Mrs. Ed Jackson 

Col. Richard Lieber, Director, Indiana Conservation Com- 
mission 
Mrs. Richard Lieber 

J. K. Lilly, President, Eli Lilly Company 
Howard Schurmann, President, Independent Pipe Com- 
pany 
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F. M. Smith, Secretary, Indiana Manufacturing Asso- 
ciation 

Arthur Stanworth, Stanworth Tool Company 
W. C. Starkey, Vice-President, L. G. S. Devices Corpora- 
tion 
George Torrence, Vice-President, Link Belt Company 
Guy Wainwright, Vice-President, Diamond Chain Manu- 
facturing Company 

Kokomo 

C. E. Henderson, Manager, Pittsburgh Plate Glass Com- 
pany 
Mrs. C. E. Henderson 
Lafayette 

W. A. Callison, Superintendent of Motive Power, Chicago, 
Indianapolis & Louisville Railroad 

G. I. Christie, Director, Agricultural Experiment Station, 
Purdue University 

Stanley Coulter, Dean of Men, Purdue University 
Edward C. Elliott, President, Purdue University 

E. Gruenewald, Works Manager^ Ross Gear and Tool 
Company 

C. F. Harding, Professor of Electrical Engineering, Pur- 
due University 
W. K. Hatt, Professor of Civil Engineering, Purdue Uni- 
versity 
J. D. Hoffman, Professor of Practical Mechanics, Purdue 

University 
T. R. Johnston, News Service, Purdue University 
J. F. Keller, Engineering Extension, Purdue University 
W. A. Knapp, Engineering Extension, Purdue University 
H. G. Leslie, Secretary, Alumni Association, Purdue Uni- 
versity 

F. C. Lewis, General Superintendent, Chicago, Indianap- 
olis & Louisville Railway 

Robert McMahon, News Service, Purdue University 
Miss Mary Matthews, Professor of Home Economics, 

Purdue University 
Mrs. Virginia C. Meredith, Trustee, Purdue University 
M. B. Morgan, Mayor, West Lafayette, Indiana 
H. C. Peffer, Professor of Chemical Engineering, Purdue 

University 
A. A. Potter, Dean of Engineering, Purdue University 
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A. R. Ross, Mayor, Lafayette, Indiana 

David E. Ross, Trustee, Purdue University, and Manager, 

Ross Gear and Tool Company 
J. H. Skinner, Dean of Agriculture, Purdue University 
R. B. Stewart, Controller, Purdue University 
James Wiselogel, President, Peerless Wire Goods Com- 
pany 
Laporte 

Finley T. Mount, President, Rumely Company 
Logansport 

F. B. Wilkinson, President, Logansport Machine Com- 
pany 
Marion 

Henry L. Erlewine, Treasurer, Marion Machine Foundry 

and Supply Company 
L. R. Lindley, President, Lindley Box and Paper Com- 
pany 
Michigan City 

W. J. Dickinson, Manager, Pullman Car Company 
Mishawaka 

George W. Miller, President, Dodge Manufacturing Com- 
pany 
S. T. Nelson, General Manager, Sullivan Machinery Com- 
pany 
Muncie 

J. L. Kimbrough, President, Indiana Bridge Company, 
and Trustee, Purdue University 
South Bend 

F. H. Negley, President, Wilson Brothers 
Walter Weed, General Manager, Oliver Chilled Plow 
Works 
St. Louis, Missouri 

W. C. Hamilton, American Steel Foundries 
Vincennes 

Frank Oliphant, Manager, Vincennes Bridge Company 
Robert A. Simpson, Trustee, Purdue University 
Wabash 

Edwin H. Ford, President, Ford Meter Box Company 
W. L. Huff, President, Honeywell Company 
Whiting 
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INDUSTRIAL RESEARCH FROM THE MANU- 
FACTURER'S VIEWPOINT 

By David E. Ross, Vice-President and General Manager, Ross 

Gear and Tool Company, Lafayette, Indiana, and 

Trustee, Purdue University. 

I believe you all realize that Indiana industry is very well 
represented here tonight. For several years I have been want- 
ing to invite you here and as a trustee spending your money 
on the University to tell you what this University should mean 
to you and what you do mean to the University. 

My first interest is in the youngsters we are bringing 
through the University. I might stop to say that first of all, 
if students are to enter the institutions of higher learning, 
they must obtain the proper basic foundation in the grade 
schools and high schools. But tonight I want you to hear 
something of the higher education we are giving them, my ef- 
fort being to interest you in the necessity for broader research 
here, both pure and applied. Indiana higher education today 
is divided among three state institutions. Indiana University 
is doing a wonderful work in its field, training for citizenship 
and bringing on a class of professional people that will raise 
the cultural and ethical plane of the state. We are not, in 
any particular, encroaching on the work of that institution, 
neither is it duplicating any of the work which we give here 
at Purdue. The Normal Schools are preparing teachers for 
their life work. The work done by both Indiana University 
and the Normal Schools is of the utmost importance for the 
welfare of the state. 

However, I am particularly interested in stating to you 
the case of this University and the part it can play in solving 
our problems if it is provided with a superior staff, adequate 
buildings, and sufficient funds for equipment. Under these 
conditions I hope that our students will have such facilities 
that they may discover their natural aptitudes and become 
distinguished citizens and efficient workers for the betterment 
of the state. 

Now you have inspected the equipment the University has, 
and you certainly realize what things we do not have. My 
personal opinion is that for a technical school like ours a big 
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mistake has been made — namely, the omission of the item of 
obsolete equipment as a charge for the operation of the Uni- 
versity. Some of the equipment you saw today you indus- 
trial men would not have in your own plants. It is out of 
date — and yet we have never considered it as an operating 
expense against the University and the state. We should 
now face the truth about this obsolete equipment. You do not 
expect that your own equipment will go on forever at its full 
value. Purdue has achieved a great reputation in experimen- 
tal work and research, but most of our investigations are 
hampered by lack of modem facilities. Greater and better 
things can be accomplished if buildings and funds are pro- 
vided. Our faculty and students should have the best ma- 
chinery with which to do their work. 

We have here at Purdue University a faculty of highly 
trained men; and until you are a trustee of the University 
and get a line on their personalities and their aspirations you 
cannot begin to realize what it all means. Our faculty people 
are not thinking in terms of salary and money. They are 
devoting their lives to the training of the youngsters sent to 
the University. You could be of special benefit to them if 
you could get closer to them and get their viewpoint; and 
they could certainly be of greater benefit to you if they could 
get your viewpoint. 

Adequate research facilities here would be an inspira- 
tion that would lead a student on and develop in him a real 
desire for scientific attainment. At the same time, every re- 
search discovery affecting Indiana products would mean more 
wealth, larger population, and a more contented citizenship. 
It is through such discoveries that the luxuries of the mil- 
lionaire of one generation become the ordinary necessities of 
the working man of the next generation. 

When the World War came on, we did not know how to 
make dyes. We had left this whole field to the Germans. At 
that time this country confiscated the German patents and we 
started making dyes. We did not dig out the basic facts ; it 
was not our own research that promoted the making of dyes 
in this country, but we were the beneficiaries of the original 
work of others. 

Sometime about 1890 a group of German industries banded 
together and founded a research laboratory. The project in- 



Digitized by VjOOQIC 



PROCEEDINGS OF INDUSTRIAL CONFERENCE 11 

volved chemical corporations, arms corporations, ball bearing 
factories, anmiunition works ; and out of the laboratory came 
a wonderful benefit for those industries participating, through 
the application of the results of wide research and tireless 
experiment to their various problems. And you know how 
marvelously, with the advent of the World War, these and 
other scientific investigations of the Germans promoted their 
cause. 

This winter it was my great pleasure to take a trip ex- 
pressly for the purpose of studying the research laboratories 
of several companies. The A. T. and T. Company has a re- 
search laboratory which employs approximately 3,600 people. 
I visited the General Electric laboratories in Schenectady, as 
well as the Westinghouse laboratories and the Mellon Insti- 
tute at Pittsburgh. The latter, operated under the manage- 
ment of the University of Pittsburgh, I believe our state might 
well copy ; and I feel that those here will agree with me that 
such a headquarters for research should be located at Purdue 
University. I visited the General Motors and Henry Ford 
plants. Mr. Ford is doing a lot of applied research in the 
field and some experimental work in the laboratory. The 
process of making plate glass called the continual process is 
one of the wonderful Ford developments. To illustrate Mr. 
Ford's way of doing things — he instructed one of his men to 
investigate the preparation of flax by machinery instead of 
by hand. His instructions ran like this: "It is your job to 
see that flax is pitched into a machine with a pitchfork." I 
saw that very equipment in operation: flax is pitched into 
the machine with a fork ; it is gradually worked into threads, 
goes on to the weaving machine, passes under the composition 
rolls, and finally comes out as imitation leather. 

The raising of flax in Indiana would add to the diversity 
of our farming and at the same time would provide us with 
a new industry. 

The same thing would be true of the raising of the soy 
bean, which has come into this state quite recently. We have 
been importing soy bean oil from China, but we can as well 
produce it ourselves. And I am told that synthetic milk can 
be made from soy beans. Furthermore, the soy bean is one 
of the best agents for the enrichment of the soil. 

I am told that four-fifths of the imitation bone and horn 
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used in this country is imported from abroad. This is made 
entirely from casein, which is a milk by-product — and think 
of the skinmied milk that is wasted in Indiana every day ! 

Our great state has a wealth of natural resources. I under- 
stand that our state stands about fourth in the production of 
coal. Think of the great opportunity for research by our uni- 
versity experts, the opportunity to assist in the development 
of industries which will turn our coal into coke, liquid fuel, 
gas, chemicals, dyes, and many other products. No longer 
will our chimneys shoot out great quantities of black smoke. 
Our cities will be cleaner and better places in which to live; 
and at the same time new industries will add to the wealth 
of the state — for the possibilities for the development of new 
uses for Indiana coal are so numerous that I would not attempt 
to enumerate them. • 

Again we have the great oil-bearing shale districts of South- 
ern Indiana, offering a wonderful opportunity for ceramic in- 
dustries that might obtain part or possibly all of their fuel 
from the oil in the shale itself. Or, if coal were used exclu- 
sively as fuel, the oil could be handled as a by-product. 

Now as to the meaning of all these statements about indus- 
try and agriculture. Let me say to you that if we want to 
increase the wealth of the state we must strive for the sort 
of broader production and greater diversification I have out- 
lined. I hear from the farmers every day that their men are 
coming into the industries to work. The industries cannot 
keep on indefinitely pulling men from the rural districts with- 
out getting a reaction sooner or later ; for, although you may 
not realize it, the farmer's problem is your problem, and on 
account of the restriction of immigration you cannot continue 
to rob the farm without economic punishment being meted 
out to you later on. 

The great electric companies are desiring to promote greater 
power consumption on the farm, but the first thing the farmer 
must know is how to use that power profitably. Germany has 
used power on the farm with a considerable amount of suc- 
cess, the farmer and his family constituting a small, isolated 
factory for the production of various articles in their spare 
time during the winter months. 

Now, scientific research can make this State of Indiana the 
type of commonwealth we desire it to be. New discoveries 
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will make new industries, and greater prosperity will help us 
to induce greater numbers of our engineering graduates to 
stay here in Indiana for the developing of their careers, and 
to take their place in our body politic. 

I think a lot of the youngsters we are bringing on here. 
They are being trained for citizenship. We should give them 
every opportunity, and to do this we must provide for the 
continued progress of our industries and for the introduction 
of processes for the development of our natural resources in 
order that these students may have a broader outlet for 
their trained energies. 

I trust that beginning with the second fifty-year period of 
its existence this university will not merely train people as 
employees but will bring forth the type that will go ahead into 
original research and with the proper initiative and per- 
sistence will accomplish new developments within the state; 
the typp that will find for the farmer's products uses which 
he has never dreamed of before, will add to our productive 
wealth, and will give our people profitable employment. I 
believe there is a real, definite service that can be rendered 
at this great scientific institution, should it be made the head- 
quarters for a fully equipped research laboratory. This serv- 
ice would be measurable in dollars in a very few years. I am 
not so much interested in the dollars as I am in the students 
and their future; and yet those same dollars are the means 
by which we are enabled to operate the University. 

Shortly after the discovery of the rate of flow of electricity 
through a conductor a member of Parliament asked Mr. Fara- 
day, the discoverer, "What does it amount to?" Faraday 
studied over his answer and finally said: "It is something 
you will tax some day!'* 

I believe that after considering all these things, the leaders 
of the industries of Indiana will realize that Purdue Univer- 
sity can accomplish greater and better things than ever be- 
fore, and I feel certain that you who are here tonight will 
gladly lend your support in making the buildings and funds 
for this research project a reality. 
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PURDUE AND LIMESTONE RESEARCH 

By H. S. Brightly, Managing Director, Indiana Limestone 
Quarrymen's Association. 

I esteem it a great privilege to address this distinguished 
body of educators and industrialists who have come here to- 
night in response to the invitation of Mr. Ross. At the same 
time I feel keenly the responsibility that is attached to such 
a privilege. 

I am going to tell you something about the necessity for 
research as we see it in the development of modern industry, 
and something about the part it plays in the very survival of 
individual industries in face of the keen competition that 
exists today in nearly all fields of industrial endeavor. 

In order to make this statement clear, I am first going to 
give you a little history of the development of the building 
stone industry, which I have the pleasure to represent as 
Managing Director of the Indiana Limestone Quarrymen's 
Association. 

I do not believe that more than a small proportion of the 
people who reside in Indiana realize the importance of the 
limestone industry of this state, located in Lawrence and 
Monroe Counties, not only to Indiana, but to the entire United 
States. In order that those here tonight may gain some idea 
of the extent to which builders are now dependent upon the 
stone produced in southern Indiana, I should like to say that 
these two counties furnish about thirty-five per cent of all the 
stone used throughout the United States ; or, considering only 
the finished cut stone, Indiana's percentage is over sixty-five! 

Following the close of the late war, Indiana building lime- 
stone industry was practically "down on its back," and the 
operators got together to see what could be done to restore 
their product to the dominating position in the natural stone 
field which it is entitled by merit, structural and aesthetic, to 
hold. To cope with this problem, our association was or- 
ganized for co-operative promotional work. It was thought 
at first that to advertise was the thing to do, and that this 
alone would be effective at a time when competition was very 
severe owing to the fact that the construction of buildings 
was being revived following the cessation of industrial activi- 
ties associated directly or indirectly with the war. 
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However, architects and engineers, in response to the in- 
dustry's promotional effort, stated to its representatives that 
Indiana limestone did not need much advertising as far as 
they were concerned; they knew of its merits as a building 
stone; what they needed was that this industry inform them 
more about the physical properties of the stone and tell them 
how they could use it economically and detail it most ef- 
fectively in connection with modern methods of building con- 
struction. What the architects and engineers wanted was 
technical information — not advertising; let the industry's ad- 
vertising, they said, be directed to prospective builders in the 
various fields of construction. 

In order to establish a department for furnishing archi- 
tects and engineers with the information they desired, the 
Service Bureau of our association was then organized. It was 
soon found that many, if not most, of the inquiries addressed 
to this service department were on technical subjects, and 
that in order to establish the facts needed, technical investi- 
gations and research were necessary. Structural problems 
arising out of modern systems of building were constantly 
being brought to the attention of this department — problems 
of an engineering nature, which the stone industry had never 
had occasion to study and solve as a part of its sales effort. 

In explanation, let me briefly outline the development of the 
modem type of commercial structure, more particularly the 
tall, skeleton-frame type. When buildings of this kind first 
came into use, the stone industry had no service or technical 
department and no effective means of developing the use of 
its product in a way that appeared to fit in with the require- 
ments of the new methods of construction. 

The stone producers generally thought in terms of masonry 
construction and were not ready to adopt the changes in struc- 
tural principles which the development of the skeleton-frame 
structure imposed upon them. 

The result of this was that clay products came to be used 
most extensively for the walls of these structures. In fact, 
the development of the terra cotta industry from its small 
beginning almost paralleled the development of the structural- 
steel, skeleton-frame building; and for a time the decision to 
erect that type of building was almost synonymous with the 
adoption of terra cotta for the facings. 
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It is of comparatively recent years that the value of stone 
for facing the enclosure walls of tall buildings has become 
universally recognized, and that its use for that purpose has 
become widespread ; and it was, as I have indicated, this new 
use for stone, involving many problems unfamiliar to archi- 
tects and engineers, which necessitated the taking up of re- 
search by our service bureau. 

A more thorough knowledge of the physical properties of 
the material was particularly necessary, by reason of the fact 
that the new usage, since it employs stone as a comparatively 
thin facing for the walls of tall buildings, places the proper- 
ties of the stone under a severer test than the usage in walls 
of simple masonry structure ever causes them to undergo. 
It was found that in these buildings, under certain conditions, 
the stone was becoming over-stressed and cracked, in spite 
of the fact that it possessed a crushing strength of from six 
to eight thousand pounds or more per square inch — many 
times greater than any load which would ever be placed upon 
it in the designing of building structures. That there must 
be some unusual forces at work, causing strains to be set up, 
was quite evident; the tremors set up in tall buildings by 
wind action and the unequal contraction and expansion due 
to temperature changes and to exposure were factors which 
must be coped with. 

Again, it was found that as a result of the extensive use 
of Portland cement for mortars and for concrete, staining of 
the stone was often developing where considerable moisture 
was present, and that in many other ways present-day build- 
ing practice was imposing conditions of service which had 
never before been contemplated. 

All these findings of the service department pointed to the 
great need for scientific research. And thus, through the 
Association, the operators engaged in the quarrying and mill- 
ing of Indiana limestone in the Bedford and Bloomington 
districts came to understand the difficulties which it was im- 
perative that they surmount before they could broaden the 
market for their product in the various building fields, and 
to realize the absolute necessity for their engaging in re- 
search activities, not only for developing their business fur- 
ther, but also for retaining what prestige they had enjoyed 
in the past. 
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From this outline I think you will at once gather the im- 
portance of research in the history of the industry with which 
I am connected — and its importance is certain to become in- 
creasingly greater. With Indiana limestone amounting to 
something over eighty-five per cent of all building limestone, 
and totaling over eleven million cubic feet during any normal 
year, there is pressing need for considering the questions of 
waste and of potential by-products. 

As to waste — there is at the present time a tremendous 
waste in the production of Indiana building stone — a waste 
that would not be permitted in any other country of the world. 
Today our industry is throwing into the dump heap not only 
stone which might be salvaged for other than building uses, 
but stone of a quantity and of a grade which would have been 
welcomed by the builders of the great Gothic cathedrals in 
Europe — simply because the size of the pieces does not war- 
rant the working of them, considering our system of intensive 
competition and the existing high cost of production and 
transportation. Such a waste is of itself a national crime. 
Allow me, in justice to our industry, to repeat the reason for 
it — namely, that the cut stone trade, quite naturally, wants 
only large blocks of regular shape, because they cost less to 
work up. Yet a great portion of the smaller and more irregu- 
lar blocks often contain the very finest grade of building 
stone. They should be worked up in some form, and put to 
use. That again is a problem of research. 

The high cost of transportation has prevented the use of 
a great deal of this material, for it is a fact that if the quarry 
operators were to give it free of cost, and load it onto cars, 
the steel manufacturers at Gary, as close as it is to our quarry 
district, would not accept it and pay the freight charges, 
since by water transportation they can obtain a limestone at 
a lower cost from points on the Lakes. This economic situ- 
ation is an unfortunate one, but one which can be offset by 
the discovery, through research, of new uses for the by- 
product of quarrying. 

A very important factor in connection with the nation-wide 
use of our stone is the extent to which quarrying and cutting 
are now done by machinery. Today, the huge quarry blocks 
are hewn out of the ledge, transported, sawed, planed, cut, 
and worked into the various shapes required by the building 
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trade — all very largely by machinery. By this extensive use 
of highly developed and economical machine-production meth- 
ods, the increasing cost of labor has been met and the finished 
product held down in price to a point where it can compete 
successfully with other building materials in most parts of 
the country. At this moment you can find Indiana limestone 
in buildings erected in cities throughout the country from 
the Atlantic to the Pacific coasts, in the remote comers of the 
country, and across the line in Canada. 

Back in the old days the largest portion of the stone pro- 
duced was used in the construction of court houses, postofiices 
and other monumental structures of that type. During late 
years there has not been any great volume of this sort of 
construction; nevertheless, the industry has been developed 
to the high point which I have already indicated, through the 
extension of the use of stone in commercial and residence 
construction, and through its continued wide use in the con- 
struction of educational buildings. 

Furthermore, when the Government, through its new build- 
ing program, renews its normal building stone requirements, 
there will come a substantial increase in the market which 
the great Indiana field will be called upon to supply. 

An increased demand for building stone means an increased 
production of waste material which by research may be con- 
verted to some use profitable alike to the commonwealth in 
general and to the railroads and other industries that are 
necessarily associated with any increased output of this sort. 

You will therefore see that there are a great many weighty 
problems before our industry which can be solved only by co- 
operative work or by well organized corporate developments, 
since their solution involves an expenditure quite impossible 
for the small operator. In that connection I may say that 
just recently a forty-million-dollar corporation has been 
formed and has acquired a number of the more important 
quarrying and milling plants in the district in order to pro- 
vide a means of developing further this great industry of 
southern Indiana. 

I think I am safe in saying that this is the largest corpora- 
tion that has ever been formed within the state. Am I not 
right. Governor? [To this question Governor Jackson re- 
sponded, "Yes, you are right."] The idea back of this cor- 
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poration is to serve the building public of the United States 
to better advantage: to see that there is less waste of this 
fine natural product, and that as much as possible of the waste 
material is converted into appropriate uses. 

This corporation will unquestionably be deeply interested 
in the possibilities of research ; and the state, in helping such 
an organization to conserve a natural resource of this sort, 
will be helping not only the organization but itself as well. 
The state has helped agriculture in a large way — then why 
not industry also? For if the state makes its industries more 
prosperous, it of necessity increases the prosperity of all its 
people. 

Those of you who made the trip through the laboratories 
this afternoon saw the very interesting series of tests which 
are being conducted by Doctor Hatt on the fatigue of con- 
crete. Our industry is carrying on studies of a similar nature 
in order to determine the fatigue of natural stone, an investi- 
gation which I do not believe has ever before been conducted. 

You also had an opportunity this afternoon of inspecting 
some of the tests which are being made in behalf of our in- 
dustry by the Purdue Engineering Experiment Station in con- 
nection with its study of the staining problem to which I 
have already referred. You saw a number of stone slabs in 
which the varied effects of staining were quite evident. This, 
however, let me say, showed our product at its worst, because 
in these tests everything has been done to create the exagger- 
ated conditions that are necessary for conducting a complete 
investigation. The staining of the stone is being produced 
by artificial methods in an endeavor to discover its primary 
causes and an effective means of preventing it. 

The co-operative arrangement which our industry has with 
the Purdue Engineering Station has now been in effect for 
several years, and much valuable information has been de- 
veloped. This information on building stone, its properties, 
and its effective use is of direct benefit not only to us here in 
Indiana but also to the building public throughout the entire 
United States. And this is just one of the problems which the 
Station has undertaken in co-operation with us. 

What is being done in the stone industry through research 
is but representative of what is being done or can be done 
in all industries. In regard to the importance of research to 
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industry in general, I feel that I cannot express the idea bet- 
ter than by quoting a tersely-worded passage from an address 
by Dr. Arthur D. Little, delivered before the American Insti- 
tute of Chemical Engineers last June: "The price of prog- 
ress is research, and this alone will assure the security of 
dividends. No industry can hope to ignore research and 
live." 

All of us here tonight are interested in research, or should 
be if we are not. And the idea sponsored by your trustee, 
Mr. Ross, that the real place for research in this state is here 
at Purdue, is a very good one. The plan has a further ad- 
vantage in that it will interest our students in research and 
will place them in definite contact with the industries of the 
state. The chances are that as a result a great many of our 
young men will take up their life work here among us, rather 
than go outside to seek employment. This of itself is an im- 
portant consideration. 

I think that those who are here as representatives of the 
other industries of the state will agree with me that it would 
be a great thing if Purdue University could in a larger way 
be made the scientific research headquarters for the indus- 
tries of the entire state — which I believe is the idea that 
Mr. Ross has in mind. 



PURDUE UNIVERSITY AND INDIANA INDUSTRY 

By A. A. Potter, Dean of the Schools of Engineering and 

Director of the Engineering Experiment Station, 

Purdue University. 

While the United States has less than one-twentieth of the 
population of the world, our inventors are responsible for 
more than two-thirds of the epoch-making inventions which 
we are now enjoying. The telephone, the telegraph, the elec- 
tric light, the moving picture and the talking machine — in 
fact, most of the wonders of our age — are the results of 
American inventive genius. Our people have, however, added 
very little to fundamental scientific knowledge. 

Our country represents only about one-fifteenth of the land 
area of the world, but our natural resources enable us to pro- 
duce a very large share of the world's supply of oil, coal. 
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iron, steel, copper, and aluminum. These wonderful natural 
resources, combined with the genius of our people, have en- 
abled us to produce in this country a material welfare which 
is the greatest in the entire world, but on the other hand, we 
have had to depend largely upon other countries for new 
scientific knowledge. 

In the earlier days of the development of industry much 
dependence could be placed upon the individual inventor, but 
with the increased size and complexity of modern industry 
it is not practical to wait for chance discoveries by men of 
genius. Leaders of industry are convinced that research 
laboratories must be used to acquire new and exact knowl- 
edge of facts, to develop new products, and to lower manu- 
facturing costs. Research is of value in improving old indus- 
tries and in building up new ones. 

So much has been accomplished through invention that 
many people are of the opinion that everything worth while 
has been discovered and that the engineer is concerned only 
with the application of already existing knowledge. This idea 
is erroneous, as industry is confronted today with many prob- 
lems of the most serious nature, which can be solved only if 
the best brains of the country are constantly at work on 
research. 

Several of the leading European nations recognized many 
years ago that technical research is a governmental function 
and one of the soundest forms of national investment. They 
were ready to encourage investigations of immediate value 
in warfare, as well as researches to further industrial de- 
velopment during peace. They realized that industrial su- 
premacy is dependent upon proper co-ordination between sci- 
ence and industry. 

Research can be carried on either by industry, or by edu- 
cational institutions such as Purdue University, working in 
co-operation with industry. Research work carried on by 
universities has several advantages as compared with that 
carried on in industrial laboratories: university research 
workers are free from interruption; they are in an atmos- 
phere sympathetic to research; and their work reacts most 
beneficially in improving the main output of those univer- 
sities — trained engineers. Industry needs engineers who will 
extend the frontiers of knowledge and who will develop new 
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processes for the conservation of our resources and for the 
elimination of waste. These things can be accomplished if 
industry will bring its research problems to our universities 
as is the case in Germany, where very extensive research 
work is being carried on in the technical universities. 

Closely related to undergraduate and graduate instruction 
is the pursuit of research, which forms the foundation of the 
university structure. Research work, besides being of value 
to industry, has a stimulating effect upon students and is 
most useful in keeping teachers in close touch with industrial 
practices and progress. 

Purdue should certainly be the technical laboratory of our 
smaller industries, and we hope that, as time goes on, every 
one of the industries of Indiana will be willing to recognize 
technical research at Purdue, where attention can be given 
to the advancement of both science and industry and to the 
training of research workers for the future. Manufacturers 
should be encouraged to spend a definite percentage of their 
profits for technical research in order that they may, by the 
use of science, effectively combat competition. Our industries 
must concern themselves with such researches as will enable 
them to cheapen their manufacturing processes, to utilize 
low-grade and waste products, and to develop new and useful 
articles of commerce. 

Purdue University has at present about 2,000 young men 
who are studying civil, chemical, electrical, and mechanical 
engineering. The most important function of the University 
is to develop these 2,000 students into engineers who have 
the ability to think clearly, the technical knowledge to enable 
them to be of value to your industries, the personality to 
make them acceptable to others, the traits of character that 
make for nobility of action, and sufficient idealism to take 
an active and leading part as citizens of our free country. 
Each one of these students must be given every opportunity 
to develop as far as his talents and aptitudes will permit. 

Purdue University, however, is not satisfied to have teach- 
ing and the conservation of knowledge as its only functions. 
This university has realized for over a third of a century 
that efficient engineering instruction must find expression in 
extending the boundaries of engineering knowledge through 
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research. We feel that it is necessary for us to add some- 
thing to fundamental knowledge. 

The research relations between Purdue University and in- 
dustry are shown by the following facts concerning the Pur- 
due Engineering Experiment Station: 

(a) The Station is studying the causes and prevention of 
discoloration of Indiana limestone, in co-operation with the 
Indiana Limestone Quarrymen's Association. 

(b) In co-operation with the automotive industry, it is 
making investigations of automobile carburetors, manifolds, 
spark plugs, pistons, piston rings and cylinders; it is also 
going into special problems of steering, detonation, super- 
charging, fuels, etc. 

(c) Standardization of tractors is being investigated in 
co-operation with tractor manufacturers and the United 
States War Department. 

(d) Study of insulators for high voltages (up to 600,000 
volts) has been undertaken in co-operation with manufactur- 
ers of insulators. 

(e) Tests of construction materials and of brake shoes, 
pulleys, insulators and a variety of other devices for indus- 
try in general have been made. 

(f) The Station is co-operating with the mining interests 
of Indiana in a study of the steaming qualities of Indiana 
coal and in the developing of methods for the improvement 
of its quality. 

(g) It is carrying on investigations in co-operation with 
the Indiana Sand and Gravel Association. 

(h) It is co-operating with the American Railway Asso- 
ciation in an investigation of power brakes and power brake 
appliances. This study was undertaken on March 1, 1925; 
and the amount expended by the co-operating agency from 
that date to June 1, 1926, has been in excess of $100,000. 
The investigation will involve an additional expenditure of 
about a half million dollars before it is completed. 

(i) The American Railway Association has also con- 
tracted to start a co-operative study of draft gears at Purdue 
University. In connection with this study there will be used 
a drop testing machine equipped with a 27,000-pound weight. 
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(j) The station is co-operating further with the rail- 
roads in studies of brake shoes, rail joints, and special rail- 
way equipment. 

(k) It is co-operating with the telephone utilities in in- 
vestigation of buried lead cables, and with electric light and 
power utilities in studies of high-voltage insulators, of elec- 
tric meters, and of the emergency braking of electric cars. 

We are very anxious that Purdue University should become 
the State Bureau of Standards as well as the Indiana "Mellon 
Institute for Industrial Research." This arrangement will 
give the industrialists of Indiana a chance to bring their live 
problems to us for solution and will aid our industries in de- 
veloping new lines of manufacture. You industrialists of In- 
diana can make this dream of ours a reality. 

The industries and utilities of Indiana have a clear-cut 
obligation to provide Purdue University with special equip- 
ment and funds for the solution of new problems through 
research in order to be certain that the engineers of the 
future will have intellectual curiosity and the ability to ex- 
tend the frontiers of engineering knowledge. 

In addition to the teaching of students and the carrying on 
of investigational work of value to the State of Indiana, we 
have been using our facilities to bring engineering knowl- 
edge to the people of the state through lectures, conferences 
and short courses. The Engineering Extension Department 
of Purdue reached over 17,000 Indiana people this year. We 
feel that this type of engineering extension work is highly 
valuable to the industries and to the people of the state. 

Your Purdue University is the second in size among all of 
the engineering colleges of this country. You have the power 
to make it second to none as a training center for engineers 
and as a research agency for Indiana industry. 
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PURDUE UNIVERSITY AND RAILWAY RESEARCH 

By H. A. Johnson, Director of Research, American Railway 

Association. 

Mr. Ross has requested me to come here this evening and 
tell you why the American Railway Association — which rep- 
resents, as you know, practically all of the railroad and pri- 
vate trolley lines in the United States and Canada — decided 
to carry on its investigation of power brakes at Purdue Uni- 
versity. Before trying to answer this question, I want to 
explain in a few words why the American Railway Associ- 
ation is carrying on this research work. In the last few 
years, the size, both in the number of cars and in tonnage, 
of the freight trains operated in this country has increased 
very rapidly. Those not directly connected with the railroad 
industry may not have noticed the extent of the increase, but 
trains over one hundred cars in length, up to a hundred and 
twenty-five or a hundred and forty cars, are now quite com- 
mon. This is largely due to the development of higher effi- 
ciency of the steam locomotive, which development has been 
greater in the last eight or ten years than in any other simi- 
lar period, notwithstanding the discussion of electrification 
of the steam railroads. The length of the train has increased 
with the size and pulling power of the locomotive. It is safe 
to operate trains only of such length and weight and only at 
such speeds as will permit their being controlled with safety 
to the crews and without damage to the cars or lading. In 
other words, when a train has been set in motion adequate 
facilities must be at hand for controlling its speed and bring- 
ing it to a stop when desired. 

During this period of development we entered into the 
World War and the railroads were taken over by the federal 
government. All efforts were directed toward winning the 
war, and maintenance of rolling stock was somewhat neg- 
lected ; so that when the railroads were turned back into pri- 
vate control many problems concerning operation required 
immediate solution. One of these important problems was 
that of the power brake. The Bureau of Safety made a sur- 
vey of the power brake situation, including road demonstra- 
tions, and reached the conclusion that an improvement in the 
present standard freight-train power brake is desirable and 
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must be immediately made. As you know, the Bureau of 
Safety is that part of the Interstate Commerce Commission 
which is responsible for the safety of the employees of the 
railroads and for the safety of the passengers carried. All 
accidents of any consequence are reported to and investigated 
by the Bureau of Safety. Many of the orders of the Inter- 
state Commerce Commission are based upon investigations 
and reports of that bureau. Its recommendation regarding 
power brakes, accordingly, was of the greatest importance; 
for if the Interstate Commerce Commission issued an order 
based on this recommendation, the railroads would have to 
purchase and install a new air-brake system on all freight 
cars. As there are approximately two and three-fourths mil- 
lion freight cars in service, the expense to the railroads would 
amount to nearly one billion dollars. 

During the conduct of the tests by the Bureau of Safety, 
the representatives of the railroads and of the air brake manu- 
facturing companies were present and made observations. 
The railroad representatives did not agree with the conclu- 
sions reached by the Bureau of Safety, and naturally the 
manufacturers' representatives favored their respective types 
of equipment. 

In July, 1924, the Interstate Commerce Commission issued 
a preliminary **report and conclusions" containing tentative 
specifications and requirements for power brakes. These 
specifications were not acceptable to the representatives of 
the railroads. After considerable discussion the American 
Railway Association agreed to undertake a thorough and un- 
biased investigation into the entire subject of power brakes 
to determine what, if any, improvements were necessary for 
the safe and economical operation of trains, upon the condi- 
tion that the Interstate Commerce Commission would hold 
its contemplated order in abeyance for a reasonable length 
of time. ' The American Railway Association selected a Di- 
rector of Research who was not directly connected with any 
steam railroad and who had never been in the service of any 
manufacturer and charged him with the responsibility of 
conducting this investigation in a manner which would be 
satisfactory to all of the interested parties. 

Now that I have shown the conditions leading up to this 
research work and the far-reaching effect of its results, we 
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are ready to consider why Purdue University was selected 
to carry on this work. There are several reasons which may 
be given. 

For many years Purdue University has been co-operating 
with the American railways. This co-operation dates back 
to the time when Dean Goss was at Purdue. Dean Goss was 
very close to the managements of the railroads and carried 
on a great deal of experimental work for them, especially on 
locomotive development. He had been instrumental in in- 
ducing the Master Car Builders' Association to place certain 
units of its testing apparatus at Purdue. The members of 
the various committees of the Master Car Builders' Asso- 
ciation came to Purdue to work out their problems on the 
testing equipment which they had located here. In 1898 the 
Master Car Builders' Association air-brake test rack was 
moved from Altoona, Pennsylvania, and located in the test- 
ing laboratories at Purdue. At this time the test rack rep- 
resented the equipment of a fifty-car train, but in the year 
1908 the rack was entirely reconstructed and equipment for 
two locomotives and one hundred cars was installed. By 
means of this reconstructed test rack, air-brake equipments 
can be studied under conditions quite similar to those pre- 
vailing in actual service. 

Purdue University has the reputation among railroad men 
of seeking out the facts in an unbiased and impartial manner. 
It has the reputation of having men in charge of experimental 
and research work who are unbiased in their opinions and 
who base their conclusions absolutely on the facts developed. 
We looked into the personnel of the University. We con- 
sidered the men who would be in charge of the research work, 
including Dean Potter, Professor Young and others. We 
looked into their records and were satisfied with them. 

Purdue men are surprisingly numerous on the oflficial staffs 
of the railroads. Some four or five years ago I was vice- 
chairman of a committee appointed to study the electrification 
of the steam railroads of the United States. This committee 
traveled over more than ninety-five per cent of the electrified 
steam railroad mileage in this country, and throughout our 
travels we were impressed by the large number of Purdue 
graduates holding official positions on the railroads we visited, 
both on the electrified and steam-oper^ed divisions. Many 
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of these Purdue men are serving on committees of the Ameri- 
can Railway Association, and the high quality of their work 
is a considerable factor in the building up of Purdue's repu- 
tation. 

One of the reasons why the American Railway Association 
placed this research work at Purdue University can, I think, 
be very well illustrated by my personal experience in decid- 
ing to enter Purdue. When I was about to finish high school 
it was decided that I should attend some engineering school. 
My father, being a railroad man who had not had the oppor- 
tunity of a higher education, asked his superior officer on the 
railroad to recommend the proper engineering school. With- 
out hesitation the answer came, "Purdue; Professor Goss is 
at Purdue, and I think so much of Professor Goss that I 
would send my son to Purdue." That is the reason I came 
to Purdue, and I believe that the incident very well illus- 
trates the close feeling and co-operation which exists between 
the Purdue University faculty and the railroads. 

In concluding, let me repeat that Purdue University was 
selected as the location for this unbiased investigation because 
of its many years of co-operation with the American rail- 
roads, its reputation in the field of locomotive research, and 
its reputation of having men in charge of research work who 
are unbiased and base their results absolutely on the facts. 
Purdue has been building the foundation of this reputation 
over a long period of years, and the wonderful way in which 
it has entered into the air-brake investigation has thoroughly 
justified the confidence of the American Railway Association. 



WHAT RESEARCH HAS DONE FOR AGRICULTURE 

By G. I. Christie, Director of the Agricultural Experiment 
Station, Purdue University. 

This Conference of Industrial Leaders, at Purdue Univer- 
sity, should have a far-reaching effect upon industrial and 
agricultural research in Indiana. It means much at this 
time for the leaders of industry to recognize the work of this 
institution. The statements of the speakers indicate in a 
forceful way that Purdue has rendered a great service and 
is in a position to do much more for the people of the state. 
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The Agricultural Experiment Station of Purdpe Univer- 
sity was established under the provisions of the Hatch Act 
in 1887. At that time it was found that the individual farmer 
was unable to conduct research because of the lack of funds, 
of equipment, and of training. It was necessary for the Fed- 
eral Government and the state to finance this enterprise so 
that the farmers might have help. 

In the early days when the pioneers came to Indiana they 
avoided the prairies because they thought them unfitted for 
crops. Today these lands are recognized as the best and most 
profitable in the state. The cast iron plow was thought to 
poison the soil, and farmers continued to use the wooden 
plow. When in any section crop production was lowered, 
when diseases were found among the crops, and when ani- 
mal and insect pests multiplied, many people believed that 
the only way to meet the situation was to abandon the sec- 
tion and move to new territory. This practice was followed 
over a long period of years, with the result that farmers 
moved from the eastern states into the west. One caustic 
writer has referred to the early crop rotation in Indiana as 
follows: "First year, com; second year, corn and weeds; 
third year, weeds and com; fourth year, weeds." 

The Agricultural Experiment Station has played an active 
and important part in bringing about needed and worthwhile 
changes in agricultural practices. The average yield of corn 
has steadily increased, and the wheat crop, which had reached 
a low, unprofitable point, is now gradually coming back. 
Legumes are being grown on a larger acreage and are help- 
ing farmers to rebuild the soil and to meet the needs of live- 
stock. 

In northern Indiana there are large areas of muck soil. 
This soil in its original state, though it appeared to be fertile, 
developed, when planted to corn, a stalk only a few feet high 
with a small nubbin which was of little value. A study of 
the problem at our Indiana Station showed that much of this 
soil lacked potash. An application to the muck areas of about 
200 pounds of muriate of potash per acre has overcome the 
deficiency, with the result that they produce profitable crops. 
Today they are used for truck crops, mint, and other crops, 
and rank among the most valuable agricultural areas in the 
whole state. 
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In co-operation with the U. S. Department of Agriculture 
the Agricultural Experiment Station is making a study of 
com diseases. This study has revealed the fact that some 
soils are giving poor returns in the corn crop because of the 
presence of free aluminum-iron compounds which are carried 
into the corn plants, settle in the nodes, and thus injure the 
plants. Experiments have shown that the addition of potash 
to the soils fixes these injurious elements in the soil and pre- 
vents in a large measure the injury to the corn plant. 

The second step of this important investigation has been 
the development of a test which shows the presence or absence 
of potash in the soil. Doctor Hoffer, the leader of the project 
in our station, has developed a test which is simple and ef- 
fective. Growing corn plants are sliced with a knife and 
treated with a few drops of a special chemical. The result- 
ing color indicates the presence or absence of potash in the 
soil. This test is being used in a widespread way in a soil 
survey which is now being promoted throughout the central 
west and the southern states. 

Mr. Ross has mentioned the progress in the methods of 
handling the flax crops in the plant of Mr. Ford. I can agree 
that this problem is of interest to Indiana and should per- 
haps receive more attention from our farmers. 

Flax was formerly grown in Indiana in large quantities. 
After a few years, however, the crop failed, and farmers 
stated that it was injurious to the soil and removed too much 
fertility. The growing of flax has therefore moved on from 
Indiana through Illinois, Minnesota, and the Dakotas, and 
into Canada. Experiments with this crop, conducted by Doc- 
tor Bailey, who was formerly with the Purdue Station, have 
proved that the trouble with the flax crop was not wholly 
the exhaustion of the soil. He has found the flax wilt, a 
disease which has attacked and reduced the crop to an un- 
profitable point. Through the experiments. Doctor Bailey has 
produced a variety of flax that is wilt-resistant. The flax 
crop is now being grown again in territory which had been 
abandoned, and is giving excellent results. Following the 
same plan, we believe it entirely feasible to grow the flax 
crop in Indiana when it is needed. 

Mr. Ross has also made the point that Indiana agriculture 
must result in more than the production of food. It is a fact 
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that our farms have been used for the most part in the pro- 
duction of food crops and in the production of livestock for 
meat. It is also true that there are only so many mouths to 
be fed and that there is a limit to the demand for food sup- 
plies. Therefore I agree that such agricultural products as 
flax, wool, and others, which might be used in a larger way 
in industry, offer additional opportunities for our farmers. 
Investigational work which will aid along these lines should 
bring great returns to both agriculture and industry. 

Indiana is now conducting important development cam- 
paigns for the promotion of larger cities and more industries. 
It is proposed to make Indianapolis a city of a million people. 
We know well of the great growth of Gary, East Chicago, 
Hammond, South Bend, Fort Wayne, Muncie, Richmond, La- 
porte, Evansville, Terre Haute, and other cities. There is 
every evidence that the industries are well founded and that 
rapid growth will be made. We are now conducting a special 
investigation at our station in the hope that we may deter- 
mine the necessary agricultural adjustments which should 
take place in northern Indiana in the next twenty-five years. 
This study shows that with the coming of the larger urban 
centers the farmers will have new problems as well as greater 
opportunities. Industrial leaders recognize that the success 
of the cities depends upon an adequate, available food supply 
at a reasonable cost. It is unwise to develop the city at the 
expense of agriculture. The development of these two must 
go hand in hand. Provision must be made to give to the 
young men and women on the farms a fair return for their 
services, so that they may enjoy the good things of life in 
the country. It is impossible to operate the farms if our best 
people are encouraged to take work in the city. 

It is evident, too, that the situation will be better handled 
if the people now on the farms, who understand agriculture, 
who enjoy that vocation, and who are rural-minded, are re- 
tained on the land, rather than have them move to the urban 
centers and then attempt to conduct a back-to-the-farm move- 
ment. 

Our industries will do well at this time to join with our 
agricultural organizations and institutions in a study of the 
big agricultural problems and to give every possible help to 
the people on the land. 
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THE STATE AND INDUSTRIAL RESEARCH 

By Ed Jackson, Governor of Indiana. 

I regard this as one of the most important meetings, if 
not the most important, that I have ever had the opportunity 
of attending, in my experience, . in the State of Indiana. I 
came here at the invitation of Mr. Ross. A few days ago I 
had the very great pleasure of being most graciously and 
pleasurably entertained at the home of Mr. Ross. While I 
was there he presented to me a picture he was visualizing — 
a picture of Purdue fifty years hence. Because of his telling 
me of this wonderful vision that he has of a great research 
laboratory in connection with Purdue University, which 
seemed to me not only an inspiring vision but one that was 
entirely sane and practicable, I was very anxious to have the 
opportunity of hearing him present this picture to the men 
and women who are here tonight and who have taken part 
with such interest. I am sure that you have been very greatly 
instructed and pleased by the speeches that have been made. 
This great research laboratory, if established at Purdue Uni- 
versity, will play a wonderful part in bringing the State of 
Indiana to the forefront in this country, iagriculturally and 
industrially. 

Some one must lead the way. The great mass of people 
must be led, and they are willing to be led by those who have 
the vision and the courage. We have watched the marvelous 
development of Indiana within the past twenty years. Take, 
for instance, the new plants of the United States Steel Cor- 
poration and the other industries in the cities of Gary, In- 
diana Harbor and other cities in the northwestern part of 
our state. I am sure the great mass of the people never 
thought that the sandy areas upon which those cities are 
located would ever amount to anything or be of any value to 
our commonwealth, or that one day there would be tremendous 
mills and large cities on the shores of Lake Michigan. But 
men with vision and the courage to pioneer have founded 
there a great center of population and have added much to 
the wealth of our state. 

Mr. Lilly, here, knows that when his company started the 
building of their plant near Greenfield, which most of you 
have seen at least from a distance, the great mass of people 
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wondered why he was willing to put his money into it; but 
we see what the plant has developed into today and what has 
been given to the world because of faith, courage and ability 
to carry out visions. We all know that when the name of 
"Lilly" appears upon a product, that is all the guarantee the 
civilized world cares to have back of that product. 

Now, I have been greatly interested in the statements of 
these men who have spoken of the marvelous contributions 
which research has made to our country's progress. I never 
thought, when I passed through the stone quarry district 
near Bedford in southern Indiana, of the waste in that stone. 
I had not even heard that sixty-five per cent of the finished 
cut stone produced in the United States is produced in these 
two counties of southern Indiana. Our attention has been 
called to the great saving that research could effect by the 
conservation of this product. When we stop to think of how 
waste can be eliminated in the stone industry and what that 
conservation of stone would mean to the State of Indiana if 
this stone were applied to service, we realize that the pro- 
duction would be of a magnitude that has .never even been 
thought of. It is indeed worth the time and talent and money 
necessary, to correct the waste existing in such industries as 
the stone and coal industries in Indiana by means of a re- 
search laboratory here. A laboratory can be established that 
will make it possible to use, to the fullest extent, all of In- 
diana's resources. 

I was indeed challenged by the thought presented by one 
of the speakers tonight that we waste the greater part of 
the coal that is mined, securing only a very small portion of 
the heat and energy that should be secured from this coal, 
instead of conserving it for our generation and for future 
generations. Think what a saving if we were able to apply 
to the industries of our state all the heat and energy that 
can be produced from the coal that comes from the bosom 
of the friendly earth ! 

I have likewise been challenged by the thought that was 
presented to me a few days ago by Mr. Ross that there must 
be complete co-operation between industry and agriculture. 
What a marvelous outlook would be afforded our great State 
of Indiana by a research laboratory ! It would aid the farmer 
to diversify the products of our state by raising not only food 
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products but products which could be absorbed by industry. 
Corn sugar, for instance, could be used to increase greatly 
the value the farmer gets from the corn that is raised in 
Indiana. Giving the farmer the benefit of the investigations 
and experiments carried on in the laboratory would enable 
him to make of farming a thing of interest and profit to 
himself and a thing of great benefit to the State of Indiana. 

So you could carry out the idea in industry and in agri- 
culture, and indeed in all lines of activity; for the things I 
have mentioned are only a part of what a great research 
laboratory here at this wonderful school of Purdue might be 
expected to accomplish. 

I am glad Mr. Ross invited me to be here with you tonight 
and to hear what he has to say, and what others have to say, 
and to ascertain the thought of leaders in industry, in agri- 
culture and in university work, who are doing their part in 
their day and generation. 

These men of vision who have spoken here tonight have 
pictured the State of Indiana that we shall see fifty years 
from now as the most densely populated of the forty-eight 
states of the Union, with industries, many of which are now 
not even thought of, extending from border to border. With 
the impetus furnished by the research work of a great labora- 
tory here at Purdue University, there will be established an 
even balance between agriculture and industry, and an era 
of prosperity such as we can scarcely conceive. And then, 
of course, we shall always consider high-class citizens as being 
one of the most important finished products of this Univer- 
sity — men filled with the idea of usefulness, co-operating fully 
in the development of every great project for the betterment 
of our generation and the generations to come. 

Finally, I want you to consider with me just a moment the 
great extent of the natural resources of Indiana and the con- 
servation of these resources in such a way that we of this 
generation shall secure the greatest benefit from them, and 
so that we can hand them on to future generations. Our 
natural resources not only stimulate industrial development 
throughout the state, but also present a splendid opportunity 
for our trained and equipped young people to spend their 
active years in pursuits remunerative to themselves and of 
great usefulness to others. 
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PURDUE UNIVERSITY AND ITS SERVICE TO INDIANA 

By Edward C. Elliott, President, Purdue University. 

Purdue University has the reputation within and without 
the State of Indiana of being a practical institution. Yet, 
we who belong to the institution have a sincere pride in claim- 
ing that Purdue University is also an idealistic enterprise. 
This meeting tonight is evidence of an onward and upward 
striving. We are here because a leader among us has sought 
to point the way to a realization of a dream of better things 
for our students and for the great state of which we are a 
part. The roots of his utilitarian philosophy are always 
watered by the springs of his unselfish, far-seeing idealism. 

Purdue University does not consider, ladies and gentlemen, 
that it will ever have served its larger purpose until the vast 
majority of the people of Indiana, of whatever class or occu- 
pation, come to feel freely and to know certainly that this 
institution — their University — is a worthy agency, ever at 
their disposal for aiding them to secure their material satis- 
factions and to attain the higher ideals of their lives. The 
University is guided in its development by the principle that 
education prepares for productive work, and that such work 
must in turn re-create education. It is, I believe, fair for 
me to assume that this is also the philosophy of this group 
of representative leaders of the industrial interests of Indiana. 

The record shows that each year more than three thousand 
ambitious young men and women are taught as students on 
this campus. But the story of our teaching service is not 
completely told until you know that, through the experimental 
stations and extension work in agriculture and engineering, 
the teachers and scientific workers of the University reach, 
directly and personally, approximately 500,000 Indiana citi- 
zens every twelve months. The time-honored academic grove 
has become a veritable forest reaching to every border of the 
state. 

Dean Potter has just given an illuminating account of the 
activities of our several engineering schools. In these schools 
today are being trained the young men who, in the years that 
lie immediately ahead are destined to serve and to lead in the 
wealth-making industries of Indiana. To the limit of facil- 
ities and opportunities, those composing the engineering staffs 
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of the University are constantly seeking to distribute directly 
to existing industrial establishments the best fruit of scientific 
knowledge. Thus Purdue teaches, and at the same time 
reaches for the things that make for the betterment of men's 
work and consequently the betterment of men's citizenship. 

The word "research" has been used many times tonight. 
Striking and convincing illustrations have been offered in 
proof of the real values that may be derived from organized 
scientific efforts to find new answers to new and old problems. 
In the last analysis "research" may be regarded as a fixed 
determination to become free from the bondage of waste — 
waste of material, waste of power, waste of men. 

A few months ago the United States Chamber of Commerce 
reported that at the present time nearly $35,000,000 is spent 
annually by American manufacturers in research work and 
that probably $500,000,000 is saved and produced annually 
in consequence of such research. In this day of speed and 
competition, no productive enterprise can long protect itself 
and its profits behind the walls of established practice or 
old experience. The price of twentieth century progress must 
ever be paid with the coin of new truth. The processes of 
production, and the processes of consumption as well, must 
be studied with a view of gaining precise knowledge. What 
a convincing example was that offered by Mr. Brightly a few 
moments ago in his presentation of the evolution of the 
Indiana Stone Industry and of its present-day problems ! In- 
telligent research is a form of insurance against waste and 
a guarantee of the wise conservation of our resources. 

There is one aspect of the worth of the kind of research 
we are here considering to which some passing reference is 
timely. As Americans and as Hoosiers we have heard for 
some years and undoubtedly shall continue to hear for some 
years the cry, "Taxes must be lowered!" In so far as this 
represents a need for the reasonable limitation of the number 
and extent of governmental undertakings and a need for an 
effective economy in all public expenditures, this demand has 
justification. Yet I do not think I am in the role of a false 
prophet when I express the judgment that no appreciable, 
permanent reduction in our public expenditures in Indiana 
will be accomplished as long as we adhere to our present 
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standards of living, of comfort and of convenience. Habitu- 
ated to these standards, our people will not allow them to be 
distinctly lowered. It is my conviction that the one best 
way leading toward lowered taxes is along the path of an 
increase in our productive abilities. If, through rigorous 
and competent investigation, ways and means can be found to 
eliminate recognized wastes in our industries and in our agri- 
culture, and if through such means we can finally bring about 
the establishment of new industrial processes and indeed en- 
tirely new industries, then the foundations for our economic 
security and progress will be broadened and deepened suffi- 
ciently for us to retain the benefits received from tax-sup- 
ported communal undertakings. When appreciable additions 
are made to the material wealth of the State, then more and 
more of our people are given the chance to have a larger 
share of the benefits of the best civilization that the world 
has ever seen. 

It is not my intention. Governor Jackson, to divert the at- 
tention of this meeting to the very complicated moot question 
of tax reduction. However, the inevitable relationship be- 
tween scientific research, industrial prosperity and public 
taxes is one not to be overlooked by those charged with the 
responsibilities of civic leadership. 

We must believe those who are entitled to speak upon the 
question, when they say that Indiana is in the beginning of 
a new era of industrial development. Through your interest 
and co-operation new avenues of industrial usefulness can be 
opened for the University. While Director Christie was 
speaking tonight concerning the tremendously important re- 
sults of the work of the Agricultural Experiment Station, I 
was reminded that the work of this station is carried on in 
the closest connection with the agricultural leaders of the 
State. By the provisions of legislation enacted in 1909, the 
leading agricultural organizations of the State — the State 
Livestock Association, the Indiana Farm Bureau Federation, 
the State Poultry Association, the State Dairy Association, 
the State Corn Growers' Association, and the Indiana Horti- 
cultural Society — each appoint one member of an advisory 
committee for the Agricultural Experiment Station. This 
committee meets at least once a year for the purpose of dis- 
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cussing with the officers and workers of the station the pro- 
gram of work which should be carried out. It may be said 
without reservation that the influence of the station has been 
greatly magnified by the wise counsel of those who see the 
agricultural problem from an intensely practical point of 
view. 

Is it not possible for the industrial interests of the state 
to effect scientific co-operation with the University similar to 
that already effected by the agricultural interests? The Uni- 
versity has been able to serve agriculture because agriculture 
brought its problems to the University. The high motive 
which actuated Mr. Ross in asking you to be his guests tonight 
would receive its most effective response were steps to be 
taken now for the formation of an advisory industrial council 
which might serve as the connecting link between the research 
laboratories of the University and the problems of our 
Indiana industries. Such an organization operating under 
the sanction of law would give an opportunity for a variety 
of constructive co-operation which would by its very nature 
increase our wisdom and our wealth — both of which are es- 
sential elements in that prosperity which will endure. 
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INTERPRETATION OF THE SPIRIT OF THE 
CONFERENCE 

By D. E. Ross. 

We have attending this conference persons from within and 
without the State who are accomplishing many interesting 
things, and who certainly can appreciate the significance of 
the truths which have been stated here tonight. 

It is my personal belief that this meeting has been a very 
successful one. It would be wise to get the representatives of 
the industries to appoint a committee that would go through 
the great research laboratories and report back to this body 
before the Legislature meets, in order that an Advisory 
Council for an Engineering Research Laboratory, similar to 
the one which we now have for the Agricultural Experiment 
Station, could legally function. With this end in view I should 
like to suggest that we get into communication with the 
Indiana Manufacturers' Association and the Indiana State 
Chamber of Commerce, so as to promote the nomination of 
the proper persons to constitute this committee of investiga- 
tion. If there is no objection, we will take this as the method 
of procedure. 

NOTE: Committees have been appointed by the State 
Chamber of Commerce and by the Indiana Manufacturers' 
Association to carry out Mr. Ross' suggestions. 
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PUBLICATIONS OF THE 
ENGINEERING EXTENSION DEPARTMENT 

Circulars 

Circular No. 1. Care of Roads During the Spring Break- 
up, by Ben H. Petty, 1923. 

Circular No. 2. Watthour Meter Accuracy on Light Low 
Power Factor Loads, by D. D. Ewing and D. T. Canfield, 
1924. 

Circular No. 3. Hints on Automobile Maintenance, by H. 
A. Huebotter, 1924. 

Circular No. 4. Operation of Three Phase Induction 
Motors Under Abnormal Supply Conditions, by D. D. 
Ewing and C. F. Bowman, 1924. 

Circular No. 5. Publications of Engineering Experiment 
Station and Engineering Extension Service, 1924. 

Circular No. 6. Why Our Road Maintenance Costs ^re In- 
creased so Rapidly, by Ben H. Petty, 1924. 

Circular No. 7. Road Law Procedure in the State of 
Indiana, by E. L. Arnold, 1925. 

Circular No. 8. Laws Governing Municipal Improvements, 
by W. S. Moore, 1926. 

Bulletins 

Bulletin No. 1. Fundamentals .of Construction and Main- 
tenance of Secondary Highways, by C. C. Albright, 1922. 

Bulletin No. 2. House Construction that Reduces Heating 
Costs, by James D. Hoffman, 1923. 

Bulletin No. 3. Pictorial Description of Engineering Ac- 
tivities, Purdue University, 1923. 

Bulletin No. 4. Electric House Pumping Systems, by G. 
C. Blalock and D. D. Ewing, 1923. 

Bulletin No. 5. Proceedings of the Tenth Annual Road 
School, by Ben H. Petty, 1924. 

Bulletin No. 6. Proceedings of the Second Annual Con- 
ference of Indiana Foundrymen, by J. P. Walsted, 1924. 

Bulletin No. 7. Thawing Water Pipes with Electric Cur- 
rent, by D. D. Ewing and C. F. Bowman, 1924. 

Bulletin No. 8. Connection Checks for Polyphase Watt- 
hour Meters, by D. T. Canfield, 1924. 

Bulletin No. 9. Reconstruction of Old Gravel Roads, by C. 
C. Albright and R. E. Mills, 1925. 

Bulletin No. 10. Proceedings of Eleventh Annual Road 
School, by Ben H. Petty, 1924. 

Bulletin No. 11. A City Planning Primer, by G. E. 
Lommel and F. G. Bates, 1925. 

Bulletin No. 12. Care of Farm House Telephone, by R. V. 
Achatz, 1925. 

Bulletin No. 13. Comparative Accuracy of Three-Phase 
Four-Wire Metering Methods, by D. T. Canfield, 1925. 

Bulletin No. 14. Proceedings of Twelfth Annual Road 
School, by Ben H. Petty, 1926. 

Bulletin No. 15. Proceedings of Industrial Conference, 
1926. 
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